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ROLONGED feeding of low protein, but otherwise adequate, diets 

results in significant alterations of the morphologic aspects and 
chemistry of the rat’s liver. Although several reports describe one 
stage in the changes occurring in the liver during inanition or protein 
deprivation, few serial studies on the effects of protein depletion have 
appeared. In some of these studies the period the animals were fed the 
low protein ration was apparently too short to reveal major changes. 


Chemical analyses were usually performed on one group of livers, while 
histologic descriptions were made from other experiments, often by dif- 
ferent investigators. Therefore, it seemed of value to study the simul- 
taneous chemical and histologic transformations taking place in the rat 
liver during protein depletion. 


MATERIAL AND METHOD 


Young adult white male Sprague-Dawley rats were used. Fed Wayne dog 
chow ad libitum until they weighed 200 to 220 Gm., these rats were then offered 
our standard low protein (3E) diet.1. This ration contained 4 per cent fat (corn 
oil); so carbohydrate provided most of the calories. The diet also contained 
yeast, liver concentrate and corn starch, which have a moderate to high choline 
content,? and was supplemented with 1.0 mg. of choline chloride per gram of diet. 
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1. Wissler, R. W.; Woolridge, R. L.; Steffee, C. H., and Cannon, P. R.: 
J. Immunol. 52:267, 1946. 

2. Fletcher, J. P.; Best, C. H., and Solandt, O. M.: Biochem. J. 29:2278, 
1935. 
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The total amount of choline thus provided was about 1.4 mg. per gram of ration. 
The animals, 7 to a cage, received 15 Gm. per rat per day. After 30 days the 
amount of food was increased to 20 Gm. to insure adequate dietary consumption 
on the part of competing animals and to produce more uniform depletion. This 
regimen approximated ad libitum feeding and guaranteed the intake of sufficient 
amounts of vitamins, minerals, accessory factors and calories needed for growth 
Therefore, the lack of protein was the only known primary deficiency. Groups 
of 5 rats of comparable initial weight were selected from larger lots which had 
eaten the 3E ration for 0, 17, 32, 43, 56 and 100 days. These animals, kept in 
individual cages, were fed the same diet for a final 11 day period. Rats on the 
ration for a total of less than 30 days received 15 Gm. per day, while those fed 
for over 30 days were given 20 Gm. During these 11 days all animals ate 
94 to 99 per cent of the diet offered, except for the last two groups, which 
averaged 85 and 72 per cent, respectively, but still maintained adequate caloric 
intakes. A control group of 5 animals of similar initial body weights was 
selected from rats which were offered only dog chow and were never individualized. 
At the end of the depletion period animals had eaten the protein-deficient diet 
for 0, 11, 28, 43, 54, 67 and 111 days. All animals were killed on the same day 
under light ether anesthesia after a 12 to 16 hour fast with free access to water. 

After withdrawal of about 40 per cent of the total blood velume, the liver 
was removed and weighed. A carcass weight without the liver but with the 
emptied gastrointestinal tract was obtained. Two samples of each liver were 
analyzed for the quantities of water, fat, protein residue and water-soluble fraction 
by a gravimetric method. Details of this procedure will appear in a later paper. 
A somewhat similar gravimetric analysis was employed by Addis and co-workers.‘ 
In our method the water-soluble fraction represents the material removed by water 
at 70 C. after the tissue has been coagulated by heat and extracted with organic 
solvents (alcohol and ether). The “protein residue” determined after completion 
of the extractions contains 90 to 95 per cent protein, calculated as NX6.25. 

Analyses of carcasses were performed by a similar procedure described else- 
where.® Other samples of each liver were fixed in 4 per cent formaldehyde in 
saline solution. Frozen sections were stained for fat with oil red-O and counter- 
stained with hematoxylin. Celloidin-embedded, hematoxylin and eosin preparations 
were made. 

In another experiment a group of 4 rats which had eaten the 3E diet for 77 days 
was subjected to removal of approximately 30 per cent of liver tissue under ether 
anesthesia. Fat stain and hematoxylin and eosin sections were prepared from the 
resected specimens, but no chemical analyses were done. After a 14 day post- 
operative period, during which they received 15 Gm. per rat per day of a 9 per 
cent lactalbumin-casein diet (diets D),5 the animals were killed and analyzed in 
the manner described in the foregoing paragraph. Four other rats were treated 
similarly, but no partial hepatectomy was performed. Thus, these animals provided 
an evaluation of the state of the liver at 77 days and demonstrated the effects 
of protein repletion. 


3. Footnote deleted by the authors. 


4. Addis, T.; Poo, L. J.; Lew, W., and Yeun, D. W.: J. Biol. Chem. 118: 
497, 1936. 


5. Benditt, E. P.; Humphreys, E. M.; Wissler, R. W.; Steffee, C. H.: Frazier. 
L. E., and Cannon, P. R.: J. Lab. & Glin. Med. 33:257, 1948. 
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OBSERVATIONS 


The estimates based on the chemical analyses are presented in the table as 
averages for the animals in each group, with the standard errors. Figure 1 gives 
the percentage composition of the livers. Representative photomicrographs were 
taken at the same magnification, each showing a typical liver lobule, to permit 
comparison of lobules with respect to size. 

The normal fasted rat liver contained few stainable fat droplets, mostly in 
the peripheral areas near the portal triads (fig. 2 4). Each lobule was orderly, with 
distinct sinusoids, eosinophilic cytoplasm and regular nuclei (fig. 2B). The 
“protein storage” bodies of Berg® stood out as dark reddish granules. Weighing 
about 7 Gm., the organ contained approximately 70 per cent water, 20 per cent 
protein residue and 7 per cent fat. 

After 11 days on low protein intake, a definite increase of small fat droplets 
appeared. This lipid material had a zonal distribution, mostly about the central 
vein of each lobule (fig. 34). The lobule had decreased slightly in size, and the 
individual cells were smaller. Although the cytoplasm was a little more reticulated 
and paler, the protein bodies were still distinct (fig. 3B). A reduction of liver 
weight, due largely to a fall in water and protein residue content, accompanied 
this change. No alteration of estimated quantity of fat was noted, but a significant 
rise of the percentage occurred. 

Twenty-eight days of the protein-deficient diet produced a more severe 
alteration. Droplets of fat contained in the hepatic cells cccupied almost the entire 
lobule, and a few medium and large globules were evident in the midzonal and 
peripheral portions (fig. 44). Closer approximation of central veins indicated 
decrease of lobule size. Almost normal cytoplasm with abundant eosinophilic 
granules was present in the cells adjacent to the central veins. Focal areas of 
atrophy of liver cells occurred in the midzonal and peripheral regions. Densely 
packed small dark nuclei gave evidence of decrease in individual cell size (fig. 4 B). 
The sinusoids and the margins of cells were indistinct. This histologic change 
paralleled an increase of liver weight and fat content. Although every component 
but the water-soluble fraction increased in estimated quantity, the proportion of 
protein residue fell to about 18 per cent and that of water to 67 per cent, while that 
of fat rose to 12 per cent. Apparently, a change in the composition of the liver 
substance occurred in which fat accumulated at the expense of water and protein. 

At 43 days the atrophy of liver cells involved the whole parenchyma. The 
cells were small, with compact nuclei, and the cytoplasm was uniformly pale, with 
less distinct “protein storage” particles. Lobules were smaller, with thin hepatic 
cords. The nuclei were regular, except for occasional large forms with more 
than two nucleoli (fig. 5B). In the peripheral areas medium and large droplets 
of stainable fat were scattered throughout liver cells with many fine globules, 
but the central regions tended to be relatively free of them (fig. 54). The livers 
decreased in weight. Water, fat and protein residue quantities diminished, but 
little change occurred in the percentage composition, except for the drop in the fat 
component. 

Between 43 and 111 days few additional histologic changes appeared. Sections 
of livers of rats depleted for 43, 54 and 67 days were not distinguishable. The 
livers became progressively smaller. The estimated quantities of water, fat, protein 
residue and water-soluble fraction decreased equally, with little variation in per- 
centage composition. 


6. Berg, W.: Biochem. Ztschr. 61:428, 1914. 
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Fig. 1—The average percentage composition of the liver at various stages of 
protein depletion. The broken line represents the data from Kosterlitz 1° as grams 
per hundred grams of liver. 
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Fig. 2.—Normal fasted rat liver: <A, oil red-O and hematoxylin. B, hema- 
n and eosin; x 235. 
Fig. 3.—Rat liver after 11 days of a low protein diet: 4, small droplets of 
fat accumulated near a central vein; oil red-O and hematoxylin. B, slight decrease 
in lobule and cell size. Hematoxylin and ms 3c 235. 
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Fig. 4—Rat liver after 28 days of low protein diet. 4, diffuse small droplet 
fatty change with larger globules in outer portions; oil red-O and hematoxylin. B, 
focal atrophy of hepatic cells in peripheral areas, and peripheral cells with foamy 
cytoplasm; hematoxylin and eosin; x 235. 

Fig. 5.—Rat liver after 43 days of low protein diet. A, peripheral small droplet 
fatty change with little in the central zone; oil red-O and hematoxylin. B, small 
lobule with general atrophy ; hematoxylin and eosin; « 235. 
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Fig. 6.—Rat liver after 111 days of low protein diet. A, diffuse small droplet 
fatty change throughout lobule; oil red-O and hematoxylin. 8B, small lobule with 
thin cells; hematoxylin and eosin; « 235. 


Fig. 7.—A, rat liver after 77 days of low protein diet. Thin hepatic cords, 
narrow cells and slightly foamy cytoplasm. Partial hepatectomy specimen. B, 
liver of same rat after 14 days of 9 per cent protein diet. Normal cells with few 
vacuoles. Hematoxylin and eosin; « 235. 
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After 111 days of protein depletion, a diffuse small droplet fatty change was 
again evident (fig. 64). The lobules were smaller than the normal, and the 
cords were narrow and close together. Individual cells consisted of a nucleus 
with a thin shell of faintly granular, pale, eosinophilic cytoplasm. The small dark 
nuclei were frequently replaced by large forms containing several nucleoli and 
clumps of chromatin. Some nuclei appeared to have undergone division (fig. 6B). 
A decrease in estimated quantity and percentage of protein residue occurred 
between 67 and 111 days. However, the fat content rose, and its percentage value 
exceeded the 28 day value. The quantity of water changed insignificantly, but the 
liver was slightly larger than at 67 days 

That these progressive changes were reversible was illustrated by the sections 
and analyses of the animals subjected to partial hepatectomy (table). After 77 


days of the low protein ration, the microscopic appearance of the liver resembled 


Chemical Estimations of Components of Livers and Carcasses of Animals 
Restricted to Low Protein Diets * 


Dayson Days on Water- 

38E Low 9% Lact- Liver Protein Soluble Carcass Carcass 

Protein albumin- Weight, Water, Fat, Residue, Fraction, Weight, Fat, 
Diet Casein Diet Gm. Gm. Gm Gm. Gm Gm. Gm. 


0 6.67 + 0.296 4.66 + 0.206 0.44 + 0.028 1.37 + 0.062 0.20 + 0.008 178.6 + 2.32 20.4 + 1.81 
11 5.67 + 0.154 4.00 + 0.107 0.42 + 0.002 1.07 + 0.040 0.17 + 0.006 153.6 15.4 + 1.48 
28 6.34 + 0.267 4.58 + 0.164 0.84 + 0.077 1.25 + 0.067 0.18 + 0.027 149.2 + 0.92 
43 5.22 + 0.245 3.62 + 0.161 0.50 +- 0.06: 1 + 0.045 0.19 + 0.013 151.6 3 2.8+ 1.08 

3+114 

15.6 + 1.49 
11.9 + 1.43 
29.5 + 1.13 
28.6 + 2.46 


+ i+ It I+ 


54 4.83 + 0.204 3.3 0.180 0.46 + 0.068 S84 + 0.042 0.16 + 0.015 143.2 
0.005 132.0 
0.013 114.7 
0.008 201.4 


0.018 °05.6 


4.28 + 9.142 2.95 + 0.084 0.47 + 0.075 73 + 0.220 0.13 


4.49 + 0.280 3.06 0.170 0.58 + 0.070 ( + 0.041 0.14 


i+ + + H+ 


5.39 + 0.170 4.16 + 0.152 0.42 + 0.020 18 + 0.042 0.13 


6.41 + ») 4.65 + 0.148 0.45 + 0.022 t + 0.056 0.13 


} 


+ 
= 
+ 
= 





* The values given are the means and standard errors for liver weight, carcass weight and the estimated amounts of the chemical 
constituents of the liver and the carcass. Standard errors were computed by : 


~ (x——-m)? 
S.F Y 


n(n--1) 
+ These animals were subjected to partial hepatectomy after 77 days on the 3E diet 


the stage between 67 and 111 days (fig. 7.4). The diffuse small, and occasional 
medium, droplet fatty change tended to occupy the central and midzonal regions. 
\fter 14 days of repletion on the 9 per cent protein diet the prominent accumulation 
of fat had disappeared. Only a few isolated medium to large intracellular globules, 
surrounded by a ring of small droplets, were seen. The cords were thick with 
large rectangular cells containing a granular, eosinophilic cytoplasm with infrequent 
vacuoles (fig. 7B). The sections were indistinguishable from those of normal rat 
livers. Since regeneration was not complete at the time of death, these livers were 
smaller than those of the animals not operated on. However, the percentage values 
of all components measured were almost identical with those of the control and 
the nondepleted rats. 

This chronologic description of the changes that occurred in the rat liver 
during prolonged low protein feeding reveals several salient points. A definite 
fatty deposition occurs in which small droplets first appear near the central vein and 
later extend peripherally to involve the entire lobule. After 28 days this fatty 


change diminishes, with lipid disappearing first from those areas where it initially 
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was visible. The small fat droplets tend to reappear after moderate depletion 
of protein. The quantitative and percentage fat content parallels this histologic 
progression. An initial percentage increase of fat takes place in the first stage 
without a significant rise in the estimated quantity of lipid. When the entire lobule is 
affected by the fatty change, the fat content reaches a maximum chemically. A 
slight decrease of visible fat follows, accompanied by a decline of the percentage 
and the estimated quantity of lipids. With the late rise of the fat values the small 
droplets reappear. An interesting phenomenon is the apparent coalescence of the 
small droplets of the early fatty phase to form medium and large globules in the 
peripheral zones. Such fat globules are the last to disappear during the period of 
recovery produced by the repletion diet. Loss of protein residue is most marked 
during the first 11 days and is followed by a secondary increase at 28 days in this 
experiment. A steady decline of quantity and of percentage of protein residue 
accompanies the subsequent decrease of size of the whole liver lobule. The fact 
that individual liver cells become smaller during this process is apparently correlated 
with a loss of protein and a small loss of water. Though its estimated quantity 
decreases, the percentage of the water-soluble fraction, which includes glycogen, 
remains relatively stable during depletion of protein. All these manifestations of 
abnormal metabolism are brought to near normal levels by a short period on the 
9 per cent protein diet. 

Of as great importance as the changes of estimated quantities and of percentages 
of the liver components are the alterations which take place in the relations of 
these constituents, one to another. After 11 days of protein depletion, a progressive 
increase of water binding by the dried fat-free solids occurs. The maximum ratio 
of water to fat-free solids is attained at 111 days. This augmented water binding 
is associated with a decreased proportion of protein residue and a relative increase 
of the water-soluble fraction in the fat-free solids. Although less protein residue and 
water-soluble fraction are present, relatively more elements of the latter are avail 
able to hold water. Throughout the period of depletion the ratio of fat to protein 
residue rises steadily, reaching the highest value at 111 days. This increase parallels 
the microscopic evaluation of the quantity of stainable lipid. At 111 days the fall of 
protein residue quantity, associated with the largest percentage of fat, accounts 
in part for the maximum value of the ratio of fat to protein residue at this stage. 
After 14 days of the repletion diet, these proportions, as well as the quantitative 
and percentage values and the histologic changes, are returned to essentially normal 
levels. 


COMMENT 


Previous reports of the anatomic changes that occur in the livers 
of animals fed low protein diets have dealt mostly with the changes of 


size and the appearance and disappearance of “protein storage” parti- 
cles. These granules were shown by Berg * to resemble closely the split 


products of protein microscopically. They disappeared on protein 
deprivation, and after bleeding, starvation, muscular activity and 
phlorhizin poisoning.’ Carbohydrate and fat feeding failed to cause 
their reappearance, and only protein, either plant or animal,’ brought 
about their formation. Even protein hydrolysates, presumably con- 


7. Li, H. M.: Chinese J. Physiol. 10:7, 1936. 
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taining only amino acids, led to restoration of these granules.* Recent 
studies indicate that the storage of protein in the liver, first suggested 
by Pfliiger,® does not depend on these particles but is, instead, a func- 
tion of the entire cytoplasmic structure of the cell.*° Consistently, 
investigators observed that the liver cell was largest after ingestion of 
a high protein diet.1' Histologic evidence of fat deposition from protein 
deficiency received infrequent mention.** Generally, the liver was 
described as showing under these conditions a decrease of cellular cyto- 
plasm with disappearance of eosinophilic granules and occasional 
accumulations of fat. 

Investigators have studied the chemical changes resulting from 
starvation more than those of primary protein deficiency with adequate 
intake of other dietary essentials. These chemical studies of hepatic 
protein depletion have revealed decreased amounts of protein, elevate 
water levels and usually unchanged fat contents. Rapid loss of as much 
as 40 per cent of total liver protein occurred when rats were fasted 
for 7 days, while 20 per cent disappeared in 2 days.** On low protein 
or protein-free rations the tota! nitrogen content of dog livers was found 
to decrease steadily, while the percentage remained nearly constant.'* 
Percentage water values were reported as elevated in these experiments, 
but no change occurred in the liver fat. 

Elman and co-workers ** have described a correlation between the 


chemical and the histologic changes in dogs and rats fed a low and a 
nonprotein diet. The small cells and narrow cords seen in the livers 
of animals fasted after 3 weeks of depletion resembled those observed 
in our experiment. However, it is impossible to compare our results 
with theirs, since the animal species, the composition of the diets, the 
length of time of depletion and other conditions are not comparable. 


A recent publication by Kosterlitz *® described the changes in 
composition and structure of the liver when different types and amounts 
of protein were fed female rats. A 60 per cent casein diet led to livers 
and cells which were larger than those of rats fed the stock diet, 
although the protein percentage was slightly lower. Low or poor pro- 
tein rations (18 per cent gelatin and 8 per cent yeast; 8 per cent yeast) 
resulted in small livers with decreased percentage of protein, but the 


8. Berg, W., and Cahn-Bronner, C.: Biochem. Ztschr. 61:434, 1914. 
9. Pfliiger, E.: Arch. f. d. ges. Physiol. 96:1, 1903. 
Luck, J. M.: J. Biol. Chem. 115:491, 1936. 
11. Noél, R.: Arch. d’anat. micr. 19:1, 1923. 
12. Briining, H.: Jahrb. f. Kinderh. 79:305, 1914. 
13. Addis, T.; Poo, L. J., and Lew, W.: J. Biol. Chem. 115:111 and 117, 1936. 
14. Elman, R., and Heifetz, C. J.: J. Exper. Med. 73:417, 1941. 
15. Elman, R.; Smith, M. G., and Sachar, L. A.: Gastroenterology 1:24, 1943. 
16. Kosterlitz, H. W.: J. Physiol. 106:194, 1947. 





JAFFE ET AL—EFFECTS OF PROTEIN DEPLETION 421 


cells were of normal size. When he fed an essentially protein-free diet, 
containing 10 per cent lard, for 28 days, he noted a marked decrease in 
liver weight and protein percentage during the first 22 to 46 hours. 
The protein continued to diminish, but the liver size remained relatively 
constant during the next 26 days. In the first 22 hours the percentage 
of fat (neutral lipid plus phospholipin) rose, but returned to normal 
by the end of 4 days, and then showed a continuous rise which became 
steeper during the last 14 days. When his values per hundred grams 
of liver are superimposed on the curves from our experiment (fig. 1), a 
striking similarity is observed in the percentages of water and fat. It is 
impossible to compare the glycogen and protein values directly, because 
of the differences in diets and methods. 

The histologic changes described by Kosterlitz included loss of 
basophil granules. These changes resembled those observed in our 
lobular peripheries, and coincided with the decrease of protein, phospho- 
lipin and nucleic acid percentages, with a rise of glycogen and, in the 
later stages, also of lipid. Starving the rats for 48 hours. after the 
protein-free regimen resulted in small, homogeneous cells with decreased 
basophil granules. These changes resembled those observed in our 
experiment, in which the animals were fasted for 12 to 16 hours. The 
alterations due to starvation were attributed mainly to variations of 


glycogen content. Kosterlitz’ study clarified some of the changes 
occurring in the early stages of protein depletion, and our results con- 
firm his findings. 


Since the body is constantly destroying some protein, a deficient 
supply would be expected to result in a loss of tissue substance. Labile 
protein reserves are maintained in the liver, but during inanition or 
protein deficiency they are mobilized and utilized in the body’s metabo- 
lism. All parts of the cell are affected by this depletion with the possi- 
ble exception of the nucleus, for the nucleic acid concentrations are 
reported as increasing during low protein feeding.’ With loss of 
tissue a decrease in water and, in our study, in glycogen (water-soluble 
fraction) would follow. Significant metabolic alterations probably 
occur during protein deprivation. That these changes do not neces- 
sarily take place simultaneously or at the same stage is indicated by 
the finding of variable and often divergent chemical and histologic 
results during the first 11 to 28 days. 

Although others have not described close correlations between histo- 
logically visible fat and quantitative analyses,’* a definite relationship 
appears in our study. The source of the fat which accumulates between 


17. Kosterlitz, H. W.: Nature, London 154:207, 1944. 
18. Rosenthal, O.: Arch. néerl. de physiol. 21:503, 1936. 
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11 and 28 days is uncertain. Uher ** found that in “fatty infiltration” 
the quantities of hepatic and subcutaneous fat parallel each other, and 
he concluded that the hepatic fat was transported from these reserves. 
The data concerning carcass fat (table) suggests that some of the lipid 
material could have come from carcass depots. Whether the change in 
storage fat is responsible for the increase in hepatic lipids, and why 
fat appears in the manner and at the time it does, and why it later 
disappears remain for further investigation. Although lipotropic factors 
must be considered, even the rats which were most depleted in our 
experiment (111 days) consumed approximately 20 mg. of choline per 
day. This quantity greatly exceeded the minimum daily amount needed 
to prevent fatty livers in normal rats.*° McHenry and Patterson ** have 
emphasized that all fatty livers are not alike, nor are they alike in their 
response to lipotropic agents. The fatty change produced by protein 
depletion does not depend on the absence of the lipotropic influence of 
choline. When the basic diet with an adequate protein content (3 C)? 
is fed, rats grow and a normal liver is maintained. 

In human diseases which produce severe emaciation, such as tubercu- 
losis and ulcerative colitis, fatty changes and atrophy of hepatic cells are 
often described. Small droplets appear first in the periportal areas and 
may extend to occupy the entire lobules.** The association of this 
pathologic state with conditions of poor nutrition suggests that a protein 
deficiency may determine its occurrence. The apparent coalescence of 
small fat droplets into larger globules may mean that the changes of 
fatty degeneration and fatty infiltration tend toward a similar final 
histologic appearance. Considering the resemblance between the micro- 
scopic changes in this experiment and those observed in human dis- 
eases, one concludes that protein deficiency may be prominent in the 
pathogenesis of the fatty liver of some “inanition diseases,” as, for 
example, portal cirrhosis, celiac disease, esophageal carcinoma and 
chronic diarrheas. This concept is supported by the fact that in these 
experimental animals, which are known to have ingested adequate 
amounts of accessory factors concerned with lipid metabolism, the only 
primary deficiency was protein deprivation. 


SUMMARY 


\n experiment made with young adult male rats illustrates the 
histologic and chemical changes which occur in the livers of animals 
restricted to a low protein diet for variable periods. An initial fall in 


19. Uher, V.: Ztschr. f. d. ges. exper. Med. 96:159, 1935. 

20. Griffith, W. H., and Wade, N. J.: Proc. Soc. Exper. Biol. & Med. 41:188. 
1939 

21. McHenry, E. W., and Patterson, J. M.: Physiol. Rev. 24:128, 1944. 

22. Jones, J. M., and Peck, W. M.: Arch. Int. Med. 74:371, 1944. 
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tissue mass parallels a decrease in lobule and cell size with the appear- 
ance of a small droplet fatty change. A secondary rise in liver weight 
is associated with a disproportionate increase in fat which is reflected 
in a diffuse fatty alteration. Subsequent depletion reduces both the 
quantities of water, fat, protein and water-soluble fraction and the 
visible cell size and fat content. After prolonged protein deprivation 
another increase in stainable and chemically detectable lipids occurs, 
while marked atrophy of cytoplasm and irregularity of nuclear arrange- 
ment appear. 

Despite the severity of the histologic and chemical alterations, the 
entire process quickly undergoes complete reversal when a diet con- 
taining a high quality protein is fed. 


The mechanisms which operate in the production of the hepatic 


changes of the cachectic states associated with some human diseases may 
be similar to those operating to produce the alterations observed in this 
experiment and may be induced by undernutrition, principally depletion 
of protein. 








PROLIFERATION OF THE EPITHELIUM OF INTRAHEPATIC 
BILE DUCTS IN PARABIOTIC RATS FOLLOWING 
OBSTRUCTION OF THE BILE DUCTS 


ISOLDE T. ZECKWER, M.D. 
PHILADELPHIA 


OORE, Hellman and Jacobius* have described experiments in 

which the common bile duct was ligated in one rat of a pair of 
parabiotic rats. Jaundice did not occur, as the normal twin excreted 
bile for both animals. 

These experiments seemed to offer a technic which one might apply 
in studying the effect of a diversion of the flow of bile on the avail- 
able estrogen in the body, and accordingly a number of rats were 
operated on. The experiments failed to serve that purpose, but the 
structural changes that occurred in the liver were’ striking and interest- 
ing in themselves and seemed to merit a brief recording. The histo- 
logic changes were concerned with much longer periods of obstruction 
than those in Moore’s experiments. They illustrate the degree of 
proliferation of bile duct epithelium that can be maintained when a 
rat is kept alive by parabiosis for a much longer time than is possible 
in a single rat with obstruction of the common duct. 


METHODS 


Parabiosis was effected by lateral incision of the abdominal wall of each rat 
and suture of peritoneum, muscle and skin, without open communication between 
peritoneal cavities, in litter mates of the same sex. After good union had been 
obtained, the common bile duct of one member of each pair was cut between 
ligatures. As these operations were done in the course of experiments on the 
interchange and production of hormones,? some of the rats had been castrated, 
some had been given injections of an estrogen and some had increased secretion 
of endogenous estrogen, but this altered endocrine status caused no important 
modifications in the liver that were recognized, except perhaps slight vacuolation 
of hepatic cells, probably due to deposition of glycogen, which is known to occur 
when an excess of estrogen exists. 

Excluded from consideration were rats in which various accidents occurred, 
such as faults of surgical technic, hemorrhage, obstruction of blood vessels, 
infection, and early strangulation of the pedicle between the rats. It is not 


From the Department of Pathology, University of Pennsylvania School of 
Medicine. 

This study was aided in part by a grant from the Faculty Research Com- 
mittee of the University of Pennsylvania. 

1. Moore, R. A.; Hellman, L. M., and Jacobius, H.: Arch. Path. 34:196, 1942. 

2. Zeckwer, I. T.: Endocrinology 38:249, 1946. 
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easy to keep the pedicle between rats functioning for a long period. Experi- 
ments were successfully carried out on 5 pairs of male and 14 pairs of female 
rats for periods of 5 days to 114 days after ligature and severance of the com- 
mon duct to cause biliary obstruction. Of these, 8 pairs were examined at 
late intervals, namely, 50, 56, 60, 100, 105, 107 and 114 days. At very early 
intervals no pairs were studied. Included in the series are rats in which the 
pedicle functioned well for a considerable length of time during obstruction, 
but in which eventually the pedicle became obstructed. In these rats the long- 
continued proliferative changes in the liver had superimposed on them the effects 
of failure to eliminate bile. Some rats were killed; others were studied after 
their spontaneous death. 

Thirteen single rats with duct obstruction which survived longer than a 
week served for comparisons of the time of survival and the histologic changes. 
Many more single rats with duct obstruction died within a week. 


RESULTS 


It was not possible to keep the single jaundiced rats alive longer than 39 
days, whereas 8 pairs of parabiotic rats lived in good health for long periods. In 
the earlier stages of obstruction in the parabiotic rats, proliferation of bile 
ducts occurred in the portal triad. Soon extensive proliferation of bile duct 
epithelium extended into the interior of each lobule and replaced hepatic cells. 
Where hepatic cells still existed, intracellular canaliculi were distended but were 
empty or contained a slight amount of fleecy protein precipitate. In the midst of 
new ducts a few hepatic cells survived as individual scattered cells. The cen- 
ters of lobules retained nearly normal structure. 

In the late stages the bile duct epithelial cells were far more numerous 
than the hepatic cells. So few hepatic cells remained that it is doubtful if the 
function of the liver would have been adequate if the partner had not func- 
tioned for the obstructed rat. Where hepatic cells survived, many seemed to 
be regenerating, as evidenced by darkly stained, compact cytoplasm and nuclei 
that were unusually dark with chromatin. Occasionally minute areas of necrosis 
occurred. More commonly, however, hepatic cells near bile ducts showed only 
minor retrograde changes. 

Grossly, the large ducts were greatly distended with clear, almost color- 
less fluid. In late stages the liver was pale, granular on the surface and very 
tough when sectioned. At 100 days after the ligation and severance of the 
common duct the liver was more than twice as large and twice as heavy as 
that of the normal partner. 

In the single rats with obstruction of the common bile duct, intense hyper- 
plasia of duct epithelium occurred, but the process was of shorter duration, as 
the injurious effects of retention of the bile were incompatible with life. 


COMMENT 


Moore and his co-workers? emphasized the necrosis in the livers 
of most of the rats subjected to ligation of the common bile duct and 
also in the livers of 3 normal partners. A 36 day period was the longest 
period during which they studied 15 pairs of parabiotic rats and 
15 single rats. In the present experiments the object was to study such 
rats at longer intervals. No necrosis was ever observed in the normal 
partner. In the partner with the common bile duct obstructed, indi- 
vidual hepatic cells were necrotic, but in the long time experiments 
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Fig. 1—Liver (x 122) of a parabiotic rat 56 days after ligation and severance 
of the common bile duct. The pedicle had ceased to function a short time before 
death, with consequent jaundice present when the rat died spontaneously. The 
photograph shows hyperplastic, bile ducts, replacing most of the hepatic cells. 
A few remaining groups of hepatic cells with hyperchromatic nuclei are seen. 

Fig. 2—Same liver magnified 556 times. 
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Fig. 3—Liver (x 122) of a parabiotic rat 107 days after ligation and severance 
of the common bile duct. The pedicle was functioning adequately. No jaundice 
was present when the rat died with pulmonary infection. The photograph shows 
actively proliferating bile duct epithelium replacing many hepatic cells. The few 
darkly staining cells in the photograph are hepatic cells. 

Fig. 4—Same liver magnified 556 times. 
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there were no widespread necrotic areas in which a number of cells 
showed disintegrating cytoplasm and nuclear fragmentation. Only 
occasionally were there small isolated areas of this character. The dis- 
appearance of hepatic cells seemed to have occurred by a slow rather 
than a rapid process. 

The colorless fluid in the dilated large ducts indicated that the bile 
pigment had not entered the large ducts and apparently had not entered 
the small duct ramifications. Perhaps such accumulation represents 
passing of fluid from the blood stream into the lumen of the duct with- 
out passing through hepatic cells. 

The pallor of the liver in the late stages and the absence of bile, 
histologically determined, indicate that the disappearance of hepatic 
cells can hardly be ascribed to injury caused by retained bile. This 
point of view is in agreement with the opinion expressed by Moore. 
The histologic appearance suggests that the proliferating duct epithelium 
had encroached on hepatic cells and had caused their disappearance by 
pressure atrophy or nutritional atrophy. That is, gradual atrophy, 
rather than acute necrosis, seems to be the process leading to disap- 
pearance of hepatic cells. 

One can merely speculate on the factors which determine this 
extensive proliferation of duct epithelium, There is no need of review- 
ing the theories expressed in the extensive literature on obstruction 
of bile ducts in the single animal, because in the case of the jaundiced 
animal retention of bile probably plays an important role in the injury 
of the hepatic cells, which in turn may lead to hyperplasia of bile ducts. 
In the present experiments, since extensive necrosis did not occur, sub- 
stances released from disintegrating cytoplasm are probably not factors 
inducing proliferation. However, it may be that the slow disappearance 
of hepatic cells by pressure of distended ducts releases substances 
which induce hyperplasia of duct epithelium. In the rat, since there 
is no gallbladder for absorption, the factor of distention is of importance. 
One wonders whether the physical tension of a distended duct may in 
some other way lead to cellular proliferation. No really adequate 
explanation is apparent. 

Experiments of this type may prove to be a convenient method of 


producing long-sustained hepatic inadequacy in order to study various 


altered functions. 
SUMMARY 


Experiments were made in which the common bile duct was cut 
between ligatures in a rat which was in parabiosis with a litter mate 
whose common bile duct was unobstructed. 

The experiments demonstrated the extreme proliferation of bile 
duct epithelium that can be maintained for periods up to 114 days, this 
constituting a much longer period than any during which the prolifera- 
tion could be maintained in single jaundiced rats. 





RIGHT AORTIC ARCH WITH A VASCULAR RING CONSTRICTING 
ESOPHAGUS AND TRACHEA 


Report of Two Cases 
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NOMALIES of the aortic arch amenable to correction have 

gained in importance since the advent of modern technics in 
thoracic surgery. Not all the anomalies of the aortic arch produce 
clinical manifestations.? These occur usually when a vascular ring 
exists, a portion of which lies dorsal to the esophagus. Constriction 
of the esophagus and the trachea enclosed in the ring is manifested 
clinically by dysphagia, dyspnea and cyanosis. The vascular ring also 
presents characteristic roentgenologic appearances.* 

A vascular ring may constrict the esophagus and the trachea in 
association with a double aortic arch,‘ or with a left retroesophageal 
arch,® or with a right retroesophageal arch.* In this paper we report 
the clinical histories and the necropsy observations of 2 infants, each 
with a right aortic retroesophageal arch forming a vascular ring which 
constricted the esophagus and the trachea. In one of these the 
anomaly was discovered at necropsy; in the second it was recognized 
clinically. 


From the Departments of Pathology and Pediatrics, University of Oklahoma 
School of Medicine, and the University of Oklahoma Hospitals. 
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REPORT OF CASES 


Case 1—M. A., a 7 month old Mexican girl, was first seen at the Univer- 
sity of Oklahoma Hospitals, June 27, 1947, at the age of 7 weeks, because ot 
bilateral clubfeet (talipes equinovarus). At this time it was noted that she had 
a temperature of 103 F. and rales in both lungs. Roentgenologic examination 
disclosed an enlarged cardiac shadow. Electrocardiographic examination revealed 
right cardiac hypertrophy, which was interpreted as due to congenital heart disease, 
the type undetermined. The patient was treated for pneumonia with penicillin 
and oxygen. Casts were applied for correction of the deformity of the feet 
On July 17 she was discharged, to be followed in the outpatient department. She 
was again admitted on September 26 and was treated with penicillin and digitalis. 
She was discharged improved, October 4, to the Convalescent Home. Occasional 
spells of cyanosis occurred, respiratory difficulty developed and the patient was 
admitted for the third time on November 19. She was discharged December 5, 
with a maintenance dose of digitalis. She continued to have cyanosis and 
dyspnea, and edema developed. Two days prior to her last admission, December 
29, she seemed to choke when taking the formula feeding and began to refuse 
feedings 

At the time of this last admission the patient was underdeveloped, poorly 
nourished and obviously in acute distress. Respirations were rapid. She had a 
frequent productive cough, sucked her thumb vigorously and refused feeding as 
if afraid of it. Rhonchi and coarse rales were heard over both lung fields. The 
heart was enlarged to percussion. A systolic murmur was heard, loudest in the 
second and third intercostal spaces to the left of the sternum. The cardiac rate 
was rapid; the rhythm was regular. The liver extended 4 cm. below the right 
costal margin. There was pitting on pressure of the feet and ankles. The red 
blood cell count was 3,870,000; the hemoglobin content, 10 Gm The white 


blood cell count was 10,600, with neutrophilic granulocytes 87, lymphocytes 12 


and monocytes 1 per cent. Urinalyses gave essentially negative results. Repeated 


roentgenologic examinations revealed cardiac enlargement, interpreted as con- 
genital heart disease, and varying degrees of pulmonary congestion and infiltration 

rhe patient was placed in an oxygen tent, given digitalis, penicillin, sul- 
fadiazine and hypertonic solution of dextrose. Her condition did not improve 
and she died December 31, the third day after admission. 

Vecropsy (twenty-fours after death)—The body was 64 cm. long and 
weighed 4,850 Gm. Malnutrition was evident. The skin varied from pale to 
white. There was pitting on pressure of the lower extremities. The peritoneal, 
pleural and pericardial cavities contained no excess fluid. The heart meas- 
ured 6.5 cm. from base to apex and 6 cm. across the base. The apex was 
rounded and bifid and was made up almost equally of the two ventricles. The 
superior and the inferior vena cava opened into the right atrium as usual. No 
anomalies of the coronary sinus and its tributaries were noted. The topographic 
relation of the pulmonary artery was as usual. The coronary arteries arose 
from the bulb of the aorta and were of usual size and distribution. The ascend- 
ing portion and arch of the aorta curved over the right main bronchus and 
descended on the right of the esophagus (fig. 1). From the arch arose first 
the left common carotid artery, which crossed anterior to the trachea to ascend 
on the left side, then the right common carotid artery, and finally the right 
subclavian artery. Next a diverticulum (remains of the left fourth arch) arose 
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from the medial surface of the aorta and curved behind the esophagus. From 
the diverticulum came off the left subclavian artery. Continuous with the 
diverticulum was the obliterated ductus arteriosus that connected with the left 
branch of the pulmonary artery. Thus a vascular ring surrounded the esoph- 
agus and the trachea causing constriction of both. The cardiac orifices and 
valves were of usual size and appearance. The foramen ovale was partially 
covered by a delicate membrane, leaving an opening 1 by 0.4 cm. The inter- 
ventricular septum had an opening 0.8 cm. in diameter in its membranous por- 
tion. The lungs were air-containing anteriorly, and were non-air-containing, 
firm and somewhat lumpy posteriorly. On the inner surface of the upper lobe 
of the right lung was an azygos lobe, 2 by 1.8 cm. There were other accessory 
fissures in both lungs. Except for chronic passive congestion of the viscera 
there were no other pertinent changes. 

















Fig. 1 (case 1).—Right aortic retroesophageal arch forming a vascular ring 
which constricted the esophagus and the trachea of a Mexican girl aged 7 
months. 


Case 2—M. W., a 5 month old Negro girl, was admitted, Dec. 1, 1948, 
because of choking, vomiting, respiratory difficulty and inadequate gain in 
weight. She was born spontaneously at term’and weighed 5 pounds and 8 
ounces (2,494.5 Gm.). She was breast fed for three months, then was bottle 
fed. When she was about 6 weeks old, respiration became wheezing and a 
frequent nonproductive hacking cough appeared. At the age of 10 weeks she 
began to have episodes of crying, cyanosis and perspiration. The attacks occurred 
three to six times daily, ending with rapid, labored respirations, exhaustion and 
vomiting or defecation. Feeding of 2 ounces (57 cc.) caused regurgitation and 
at times initiated the attacks. Sleeping in an upright position seemed to lessen 
the severity of wheezing and coughing and the frequency of the episodes. 

At the time of admission the patient was poorly developed and poorly nourished. 
She cried continually, coughed intermittently and had an expiratory grunt. Her 
temperature was 99.8 F. There was substernal retraction with inspiration. 
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The lung fields were clear to auscultation and percussion. The cardiac rate 
was rapid. A loud systolic murmur was heard over the pulmonic and mitral 
valve areas and was not transmitted. There was no palpable thrill. The liver 








Fig. 2 (case 2).—A and B, roentgenograms showing the esophagus con- 
stricted at the level of an anomalous vascular ring in a Negro girl aged 5 
months. A is the posterior-anterior, and B the right lateral, view. C, right 
aortic restroesophageal arch forming a vascular ring which constricted the 
esophagus and the trachea. 


extended 1 cm. below the right costal margin. The red blood cell count was 
4,910,000; the hemoglobin content, 10.5 Gm. The white blood cell count was 
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14,400, with neutrophilic granulocytes 38, lymphocytes 60 and monocytes 2 per 
cent. Urinalysis gave essentially negative results. The Mazzini test of the 
blood was negative. An intradermal test with tuberculin diluted 1:1,000 pro- 
duced a negative reaction. Roentgenograms of the chest revealed the heart 
to be moderately enlarged and the costophrenic angles and lung fields clear 
except for accentuation of the hilar vascular markings. Roentgenologic examina- 
tion after barium sulfate was swallowed revealed narrowing of the upper end 
of the esophagus in the region of the great vessels and a pressure defect on 
the right side of the esophagus (fig. 2A and B). This was interpreted as a 
right aortic arch with a vascular ring. The patient was given penicillin and 
digitoxin, and other supportive measures were used. She had several episodes 
of tachycardia, respiratory difficulty and cyanosis. On December 9, at 3:30 
p. m., she had a sudden severe episode of respiratory embarrassment. Follow- 
ing this, immediate operation seemed indicated, though the patient’s condition 
was not favorable. At 11:30 p. m. an exploratory thoracotomy was made by 
Dr. J. Moore Campbell. A large artery that arose from the aortic arch, crossed 
the trachea and ascended on the left side of the latter was ligated. Following 
ligation, the trachea and the esophagus seemed under less tension. The patient’s 
condition, however, remained critical, and she died on December 10, eight hours 
after the operation. 

Necropsy (three hours after death) —The body was 55 cm. long and weighed 
2,975 Gm. The skin was pale brown. The chest appeared enlarged in its ventro- 
dorsal diameter and was 32 cm. in circumference. A sutured incision, 8 cm. 
long, extended from the sternam between the second and third ribs to the left 
posterior axillary line. There was no excess fluid in the serous cavities. Minute 
focal areas of extravasation of blood were noted in the epicardium. The heart 
measured 5 cm. from base to apex and 5.5 cm. across the base. The apex was 
rounded and made up almost equally of the two ventricles. The right atrium 
and its auricle were distended. The superior and the inferior vena cava opened 
into the right atrium as usual. No anomalies of the coronary sinus and its tribu- 
taries were noted. The pulmonary artery and the aorta were of nearly equal 
size. The ascending portion of the aorta arched over the right main bronchus 
and passed down to the right of the esophagus (fig. 2C). From the arch arose 
three arteries, first, the left common carotid (ligated), second, the right com- 
mon carotid and, third, the right subclavian. The left subclavian artery arose 
from an aortic diverticulum. The diverticulum lay behind the esophagus and 
continued into the closed ductus arteriosus which connected with the left branch 
of the pulmonary artery. The arterial ring thus formed encircled the esoph- 
agus and the trachea. The cardiac orifices were proportionate, and their 
valves were delicate. There was an opening, 1 by 0.3 cm., in the membranous 
portion of the interventricular septum. Both lungs contained air in their anterior 
portions and were firm, dark red-blue and lumpy in their posterior portions. 
Except for chronic passive congestion of the viscera no pertinent changes were 
seen in any of the organs. 

COMMENT 


Dysphagia, dyspnea and cyanosis when observed in an infant 
should cause suspicion of the presence of one of the aortic arches with 
a vascular ring. This may be verified or excluded by appropriate 
roentgenologic examination. In our first case, a vascular anomaly was 
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not suspected, and no roentgenologic examination of the esophagus 
was made, though the presence of a cardiac anomaly was inferred. 
In the second case, the clinical diagnosis was established, and surgi- 
cal intervention to relieve the pressure on the esophagus and the 
trachea was attempted. 
SUMMARY 

Two infants, each with a right retroesophageal aortic arch con- 
stricting the esophagus and the trachea, have been observed clinically 
and at necropsy. The characteristic clinical manifestations were pres- 
ent in both, and in one the condition was recognized while the child 


was still alive. 





ACUTE LESIONS IN WEANLING RATS FED 
4-AMINOPTEROYLGLUTAMIC ACID 


H. B. RITTER, B.A. 
AND 


J. J. OLESON, Ph.D. 
PEARL RIVER, N. Y. 


HE INHIBITORY action of 4-aminopteroylglutamic acid on 
growth and blood cell formation has been reported by Minnick and 
Moore * for the guinea pig, by Franklin and co-workers? for the mouse 
and by Oleson and associates * for the chick, the rat and Streptococcus 
fecalis R. The effects of this antivitamin on the Rous chicken sarcoma 
have been studied by Woll* and by Little and co-workers.* Several 
cases of remission of acute leukemia in children treated with this 
compound have been presented by Farber and associates.*® 
In this paper we wish to report on the histologic changes observed 
in weanling rats fed this potent antagonist of pteroylglutamic acid. It 
must be emphasized that these are acute experiments, since the doses 
of the antagonist used produce rapid loss of weight, severe emaciation 
and death in three to five days. 


EXPERIMENT 


Typical data on the inhibition of growth produced by the antagonist, 4-amino- 
pteroylglutamic acid, and on its reversal by pteroylglutamic acid have been 
presented previously *; so the details of the feeding experiments will not be repeated 
here. An identical experiment was set up to gain information concerning the 
sequence of the reactions produced in the tissues. A control group of weanling 
rats weighing about 40 Gm. was fed our basal synthetic diet, and two groups were 
given in addition 10 and 50 micrograms of 4-aminopteroylglutamic acid orally per 
day for five days. Two animals from each group were killed at twenty-four hour 


From the Lederle Laboratories Division, American Cyanamid Company. 
1. Minnick, V., and Moore, C. V.: Federation Proc. 7:276, 1948. 


2. Franklin, A. L.; Stokstad, E. L. R., and Jukes, T. H.: Proc. Soc. Exper. 
Biol. & Med. 67:398, 1948. 


3. Oleson, J. J.; Hutchings, B. L., and SubbaRow, Y.: J. Biol. Chem. 175: 
359, 1948. 


4. Woll, E.: Tr. New York Acad. Sc. 10:83, 1948. ' 


5. Little, P. A.; Sampath, A.; Paganelli, V.; Locke, E., and SubbaRow, Y.: 
Tr. New York Acad. Sc. 10:91, 1948. 


6. Farber, S.; Diamond, L. K.; Mercer, R. D.; Sylvester, R. F., Jr., and 
Wolff, J. A.: New England J. Med. 238:787, 1948. 
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intervals in the course of five days. The nature of the tissue changes produced was 
determined by histologic examination. Dead or moribund animals were discarded. 


HISTOLOGIC METHODS 


All tissues were placed in 10 per cent formaldehyde in 90 per cent ethyl alcohol 
within ten minutes after the animal had been killed with ether. Graham’s stain 
(peroxidase reaction) was applied to all tissues by our previously described 
method.’ Paraffin sections were cut at 4 microns and stained by the hematoxylin- 


eosin technic. 


MICROSCOPIC OBSERVATIONS OF THE CONTROL GROUP 


The thymus, liver, kidney, adrenal gland, stomach and rectum were histo- 
logically normal, with no alterations in the five day period. The spleen on 
the first day showed considerable hemopoiesis and a few megakaryocytes. This we 
consider to be an embryonic type which gradually changes to the adult type by 
the fifth day. This is consistent with the established histology of our strain. 


MICROSCOPIC OBSERVATIONS OF THE TREATED GROUPS 


The spleen, the thymus and the bone marrow showed pronounced effects of the 
4-aminopteroylglutamic acid used in this acute experiment. The higher level of 
the antagonist differed from the lower only in effecting an earlier maximum 
change. 

Spleen—At the end of the first twenty-four hours the connective tissue stroma 
was prominent, giving an accentuated line of demarcation to the malpighian 
corpuscles. In the succeeding days the fibrous changes increased with disappear- 
ance of most of the normal pulp and nodule cells. By the end of the fourth 
day the entire organ was fibrous. The malpighian corpuscles showed degenerating 
small lymphocytes, the number increasing daily until but few normal ones were 
present in the spleen. The large lymphocytes were decreased in number; yet a 
few still remained among the stromal fibers. Individual variation occurred in the 
damage of the spleen, but the change in structure of the entire organ was always 
striking, as was the decrease in small lymphocytes (fig. 1). 


Thymus.—The progressive changes occurred in definite order. As _ the 
capillaries dilated, the prominence of the connective tissue stroma increased; the 
Hassall corpuscles increased in number, and the thymocytes of the cortex 
degenerated. By the end of the fourth day the normal structure of the gland 
was replaced by fibrous stroma in which there were only degenerating lympho- 
cytes with pyknotic nuclei. This reaction paralleled the changes in the spleen 
(fig. 2). 

Femur.—— The marrow was rapidly depleted. The changes began on the first day. 
The immature red and white cells decreased first, the youngest more rapidly. 
Finally the mature red and white cells decreased until the marrow became 
virtually aplastic. The eosinophilic and basophilic granulocytes decreased in 
number also. Mitoses were not present. Megakaryocytes were rarely seen. The 
hemopoietic areas were replaced by connective tissue stroma, hemorrhage and 
dilated capillaries (fig. 3). 


7. Ritter, H. B., and Oleson, J. J.: Arch. Path. 43:330, 1947. 





Fig. 1—Spleen (xX 180; hematoxylin-eosin): (a) control; (b) weanling 
rat given 50 micrograms of 4-aminopteroylglutamic acid per day for five days. Note 
the loss of structure and splenic cells in b. 

Fig. 2—Thymus; x 1,100; hematoxylin-eosin. (a) control; (b) weanling rat 
given 50 micrograms of 4-aminopteroylglutamic acid per day for five days. Note 
the degeneration of cortex in b. 


437 








ct TE Tain we ITP 








438 ARCHIVES OF PATHOLOGY 


Since the younger marrow cells disappeared rapidly and were not replaced, 
the mature cells predominated. As these entered the blood stream the marrow 
became depleted. The peripheral counts showed no aberrations during the five 
day experiment. 

Liver, Kidney, Adrenal Gland, Gastrointestinal Tract—The dilatation of the 
capillaries and sinusoids was prominent in these tissues. Cellular changes, such 
as hypertrophy of nuclei and/or cytoplasm, loss of cytoplasmic granules and loss 
of staining power occurred infrequently and were difficult to evaluate in these 
short term experiments. 

Thyroid Gland, Pancreas, Gonads, Heart Muscle—No microscopic changes 
were detected in these tissues. 


Fig. 3—Femur; x 1,100; hematoxylin-eosin. (a) control; (b) weanling rat 
given 50 micrograms of 4-aminopteroylglutamic acid per day for five days. Note 
the degeneration of cells in b. 


PREVENTION OF TISSUE CHANGES 


Sections from our previous experiments* showed that synthetic pteroyl- 
glutamic acid when given at thirty to forty times the level of the antagonist 
will completely prevent the changes described. 


SUMMARY 


Low doses of 4-aminopteroylglutamic acid given orally or intra- 


muscularly to weanling rats produced an immeédiate loss of weight, 
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severe emaciation and death in three to five days. High doses of 
pteroylglutamic acid permitted survival and partially overcame the 
inhibition of growth. 

Marked pathologic changes were seen in degeneration of small 
lymphocytes in the spleen and in the thymus, accompanied by pro- 
gressive fibrous changes from the first day until death, and nearly 
complete aplasia of all cellular elements of the marrow, with hemor- 
rhage and fibrous changes. 

Histologic study of kidney, adrenal gland, liver and gastrointestinal 
tract showed only questionable changes. No changes of the histologic 
aspects of other tissues were seen. 


i 
bd 
a 

; 

i 


tia ie aie ts 





ee Ps eee nig 





EFFECTS OF THE ADMINISTRATION OF A VITAMIN E CONCEN- 
TRATE AND OF CHOLESTEROL AND BILE SALT ON 
THE AORTA OF THE RAT 


WALTER MARX, Ph.D. 
LORE MARX, Ph.D. 
EMILY R. MESERVE, M.S. 


FRANK SHIMODA, B.S. 
AND 


HARRY J. DEVEL Jr., Ph.D. 
LOS ANGELES 


HE influence of vitamin E (alpha tocopherol) on cholesterol 
metabolism and atherosclerosis is still obscure, and reports in the 
literature are contradictory. According to Monnier and associates,' 
hypervitaminosis-E had no significant effect on total blood cholesterol 
in the rat, and Dam * observed that d,/-tocopherol acetate did not modifv 


the aortic cholesterol deposition of rabbits or chicks fed diets high in 


cholesterol. Morgulis and Spencer,* on the other hand, reported a 
significant rise of blood cholesterol in rabbits fed a vitamin E-deficient 
diet, while Bruger* found that vitamin E markedly increased the 
cholesterol content of the aorta of the rabbit fed a high cholesterol diet. 


In view of these contradictory results the relation of vitamin E to 
cholesterol metabolism was investigated. The present report deals with 
the effects of avitaminosis-E and those of high doses of a vitamin E 
concentrate on cholesterol metabolism and atherosclerosis in the rat. 

This study was supported by a grant from the Life Insurance Medical Research 
Fund. 

The authors wish to express their appreciation for the use of the facilities of 
the Hancock Foundation. 

Contribution no. 195 from the Department of Biochemistry and Nutrition, 
University of Southern California. 

1. Monnier, M.; Farchadi, A., and Maulbetsch, A.: Compt. rend. Soc. phys. 
hist. nat. Genéve 58:244, 1941; Chem. Abstr. 38:2379, 1944. 

2. Dam, H.: J. Nutrition 28:289, 1944. 

3. Morgulis, S., and Spencer, H. C.: J. Nutrition 12:173, 1936. 

4. Bruger, M.: Proc. Soc. Exper. Biol. & Med. 59:56, 1945. 

440 





MARX ET AL—EFFECT OF VITAMIN E ON RAT AORTA 441 


EXPERIMENTAL PROCEDURES 


Nursing rats were restricted to a diet deficient in vitamin E.5 The young rats 
were fed the same diet until, a few days after weaning, the litters were divided 
into four experimental groups of 4 males and 4 females each, as shown in the table. 
Litter mates were distributed evenly as far as possible. 

Groups 1 and 2 were fed the deficient diet without supplement (E-deficient). 
For groups 3 and 4 (E-high) the diet was supplemented once weekly with 150 
mg. of a vitamin E concentrate prepared from vegetable oils and containing 
34 per cent “mixed tocopherols” *; the concentrate was fed with a syringe, after 
being diluted with ethyl laurate. Somewhat older rats fed this laboratory’s stock 
diet served as controls (groups 5 and 6). For groups 2, 4 and 6 (E-deficient, 
C +B) cholesterol 7 was added to the diet at a level of 1 per cent, and, in order 
to increase absorption of cholesterol, 0.5 per cent of bile salt was added. 

Body weights were noted during the experimental periods, which varied from 
twenty to twenty-seven weeks. At autopsy total cholesterol levels were determined 
for blood and various tissues, a modified Schoenheimer-Sperry-Chaney procedure 
being used.?° 

The aorta was cut open lengthwise and fixed in formaldehyde solution. Sam- 
ple strips, especially of the thoracic portion, were embedded in gelatin and examined 
as frozen sections stained with nile blue sulfate. Interesting specimens were also 
stained with other dyes, gelatin and paraffin sections being used." 

Cholesterol was identified by its birefringence with the help of a pair of polar- 
oid films 12 inserted in the microscope. To distinguish small cholesterol deposits 
from other anisotropic material, such as collagenous fibers, the slides were exam- 
ined before and after extraction with chloroform. Pairs of photomicrographs 
were also made in this manner. The work was rendered difficult because, on 
storage, fixed tissues and sections slowly lose by diffusion part of their stainable 
fat and cholesterol. 


RESULTS 
Body Weight—At an age of approximately 80 days, the weight curves of 
the vitamin E-deficient animals began to level off. During the following month 
the male rats of group 1 (E-deficient) lost an average of about 40 Gm. and 
were in such poor general condition that they were killed and examined. At 
that time, respiratory infections and lesions of the skin were widespread, but 


5. The diet was made up as follows: 1,200 Gm. of sugar; 800 Gm. of starch; 
460 Gm. of lard; 800 Gm. of a commercial casein; 320 Gm. of yeast (strain G) ; 
300 Gm. of cellulose flour (celluflour®) ; 120 Gm. of salt mix; 1.2 Gm. of a vitamin 
D (calciferol) concentrate (drisdol®) ; 1 mg. of carotene. 

6. The concentrate is marketed by Distillation Products, Inc. 

7. Dr. F. Fenger, of the Armour Laboratories, and Mr. Noble F. Payton, of 
the Suburban Chemical Company, Chicago, supplied some of the cholesterol used. 

8. Schoenheimer, R.: Biochem. Ztschr. 147:258, 1924. 

9. Extract of ox bile U. S. P.; both Wilson’s and Armour’s products were 
used ; Dr. F. Fenger of the Armour Laboratories, supplied some of the bile salt used. 

10. A description of this modification of the Schoenheimer-Sperry-Chaney pro- 
cedure is to be published. 

11. The Department of Anatomy of the University of Southern California 
School of Medicine lent two microtomes for our use. 

12. Polaroid films are manufactured by the Polaroid Company, Cambridge, Mass. 
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only 1 rat exhibited muscular symptoms. The animals of group 3 (E-high) 
grew at a normal rate. 

The influence on body weight of dietary cholesterol and bile salt was not 
uniform. A beneficial effect was observed in the male rats of group 2 (E-defi- 
cient, C + B). The female animals of this group, however, gained significantly 
less than their litter mates on the same diet without cholesterol and bile salt. In 
group 4 (E-high, C + B) the male rats fed the high cholesterol diet gained 
significantly less weight than their respective litter mates, whose diet was not 
supplemented with cholesterol and bile salt. The female rats of this group, 
however, were not much affected. 


Sex Organs.—The rats of group 1 (E-deficient) showed the expected geni- 
tal symptoms. Addition of cholesterol and bile salt to the diet (group 2) aggra- 
vated these defects. The male animals of group 3 (E-high) also appeared 


Effect of Vitamin E Deficiency as Influenced by the Administration of a Vitamin 
E Concentrate, Cholesterol and Bile Salt 


(Feeding Periods: 20 to 27 Weeks) 


Histologic Changes of 
Aorta—Rats Show- 
ing Given Change 
Vitamin E — - ~— —-— 
Concen Dietary Plasma Liver Fatty Choles- Intimal 
trate, Cholestero! + Cholesterol, Cholesterol, Infiltra- terol Sele 
Group Mg. per Wk. Bile Salt Rats Mg.per 100 Ce. per Cent tion Deposits rosis 
l None None 7 4l 0.25 + 0.02 7 0 0 


None cC+B 55 2.55 0.61 5 


I+ 


4 


150 None 

150 Cc+B 
Stock diet None 
Stock diet Cc +B 


+ 0.01 


+ 0.08 


+ 0.02 


I+ I+ 1+ I+ 


S + 0.64 


* The number in parentheses is the number of aortas examined histologically. The animals 
of groups 5 and 6 were 1 to 2 years old. Group 6 includes 3 rats fed the experimental diet 
for thirty-eight weeks. Further control rats, from other experiments, were not included in 
this table, because conditions were slightly different., The aortas of those animals showed 
the same histologic picture. 


sterile, while those of group 4 (E-high, C + B) appeared fertile but had smaller 
prostates and seminal vesicles. 

Liver—As was to be expected,!* the livers of the animals fed cholesterol 
and bile salt (groups 2, 4 and 6) were pale and enlarged, regardless of the level 
of the vitamin E intake. 

Tissue Cholesterol Levels——Total cholesterol was determined for plasma, 
liver, adrenal glands, kidneys and spleen. As a consequence of the high choles- 
terol intake, cholesterol was increased in the plasma about two to four fold, in 
the liver approximately five to ten fold (table 1), and in the adrenal glands 
about 1.5 to 3 times. The level of vitamin E in the diet did not influence these 
changes significantly. The cholesterol contents of the kidneys and the spleen were 
normal except in group 2 (E-deficient, C + B), in which they were increased 
by about 50 to 100 per cent 

Vorphology of Aorta—Several of the vitamin E-deficient rats (groups 1 
and 2, table) had white fatty plaques in the aorta. On histologic examination, 


13. Anitschkow, N., and Chalatow, S. S., quoted and confirmed by Wacker, 
, and Hueck, W.: Arch. f. exper. Path. u. Pharmakol. 74:416, 1913. 
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all aortas of these groups had fatty films on endothelium and elastic lamellas and 
had more stainable fat and foam cells in the endothelium than were found in 
control material. The foam cells were not birefringent, a species characteristic 
of rats and mice, as emphasized by Leffkowitz and Rosenberg.'* The fat imbi- 
bition appeared equally high in groups 1 (E-deficient) and 2 (E-deficient, 
C + B). Sparse cholesterol crystals were seen in the adventitial fat and on the 
surface of the endothelium. The tissue of the aortic and mitral valves and their 
base appeared swollen and poor in cells. 

The rats fed 150 mg. of the vitamin E concentrate once weekly, but no cholesterol 
and bile salt (group 3, E-high, table), showed overdevelopment of collagenous tis- 
sue at the base of the valve and in the medial coat of the aorta. In the intima 
of the ascending aorta and the dorsal arc there were sclerotic foci, cellular in 
female, larger and hyalin-like in male, animals. Close by in the media there 
were often vasa vasorum. The sclerotic foci and the acacia of the surrounding 
medium were imbued with chloroform-soluble, highly birefringent material, pre- 
sumably cholesterol ester. With time, this substance was seen to cover an increas- 
ingly large area and fade out. The endothelial cells covering the marginal part 
of the foci and those in other spots were loaded with fat and phospholipids or 
they were replaced by foam cells. But over the centers of the foci the endothelium 
had degenerated and only free fat droplets remained. 

The rats of group 4 (E-high, C + B), which were fed the same amount of 
vitamin E concentrate but, in addition, were given cholesterol and bile salt, showed 
only some vasa vasorum and slight fat infiltration of the endothelium, not exceed- 
ing that found in controls. The transparency of the aortic wall was not per- 
ceptibly increased after chloroform extraction, indicating a singularly low fat 
content of the media. 

COMMENT 

Neither vitamin E deficiency nor an excessive dose of the vitamin E 
concentrate modified cholesterol levels in blood, liver or adrenal glands 
of rats significantly, in agreement with observations by Monnier and 
co-workers ' and Dam.* Our findings disagree, however, with results 
obtained by Morgulis and Spencer, who observed a rise in blood 
cholesterol of rabbits in muscular dystrophy. Whether the discrepancy 
is due to the difference in species or to a difference in experimental 
conditions is not known. 

In contrast to the chemical findings, the morphologic examination of 
the aorta of the vitamin E-deficient animals showed a tendency toward 
fatty infiltration not accompanied by deposition of cholesterol. This 
imbibition of fat was correlated neither with the cholesterol levels of 
blood or liver nor with the cholesterol and bile salt contents of the diet. 
The phenomenon may be related, however, to the increased permea- 
bility of capillaries observed by Dam and Glavind ** in vitamin E-defi- 
cient animals; whether it is also related to Holman’s recent finding ™* 
that vitamin E prevented experimental arteritis in dogs is not known. 


14. Leffkowitz, M., and Rosenberg, D.: Frankfurt. Ztschr. f. Path. 34:174, 
1926. 

15. Dam, H., and Glavind, J.: Nature, London 143:810, 1939. 

16. Holman, R. L.: Proc. Soc. Exper. Biol. & Med. 66:307, 1947. 
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An excess of the vitamin E concentrate proved more harmful than 
the deficiency. In the group fed an excess of the vitamin E concentrate 
but no cholesterol plus bile salt, the aorta showed in 6 of 7 animals 
sclerotic patches which contained cholesterol deposits. These lesions 
were relatively small and not comparable to those produced, for 
example, by cholesterol feeding of rabbits or chickens. But, it should 
be stressed that they developed without added dietary cholesterol and 
that in the males they exceeded in severity the slight pathologic 
changes of the rat aorta so far produced experimentally by the authors. 

No other toxic effect was observed as a result of the high level of the 
vitamin E concentrate except the mentioned genital symptoms. The 
animals appeared in a good general condition, and their growth curves 
resembled those of normal animals. 

It has to be emphasized that the vegetable oil concentrate contained 
66 per cent of material other than vitamin E and that it is not 
known at present whether the tocopherols or other components of the 
concentrate were responsible for the toxic action. As certain oil frac- 
tions,” in particular, some of the unsaturated fatty acids,** are known 
to cause arterial lesions, and since Holman reported recently on the 
beneficial effects of vitamin E in the case of arterial lesions produced 
by renal damage and cod liver oil,’® it is imperative to repeat the 
experiment described here with pure tocopherol before further con- 
clusions are drawn. 

If it was unexpected to find aortic lesions in the group receiving the 
high dose of the vitamin E concentrate but no extra cholesterol in the 
diet, it was even more surprising to observe that a high intake of 
cholesterol and bile salt completely prevented such damage. The last 
experimental group, receiving the same, apparently toxic level of the 
vitamin E concentrate but, in addition, 1 per cent of cholesterol and 
0.5 per cent of bile salt with the diet, showed only mild fatty infiltra- 
tion but neither sclerosis nor cholesterol deposition in the aorta. It 
is not known whether the cholesterol or the bile salt was responsible 
for the protective action. It is interesting, in connection with this 
observation, that Holman reported recently that arterial lesions produced 
by renal damage and cod liver oil could be prevened or retarded hy 
dietary cholesterol.’® 

SUMMARY 


The influence of vitamin E (alpha tocopherol) on cholesterol 
metabolism and the development of arteriosclerosis was investigated in 


17. Holman, R. S., and Swanton, M. C.: Proc. Soc. Exper. Biol. & Med. 
63:87, 1946. 

18. Mylon, E., and Smith, E. R.: Arch. Path. 45:21, 1948. 

19. Holman, R. S.: Federation Proc. 5:223, 1946. 
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the rat. Neither vitamin E deficiency nor an excess of a vitamin E 
concentrate modified blood or tissue cholesterol levels. Avitaminosis E 
caused fatty infiltration of the wall of the aorta, regardless of the 
cholesterol content of blood or diet. High doses of a vitamin E 
concentrate produced localized sclerosis and deposition of cholesterol in 


the aorta. These changes were prevented by high dietary cholesterol 
and bile salt. 
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THROMBOTIC THROMBOPENIC PURPURA CAUSED BY IODINE 


Report of a Case 


WILLIAM E. EHRICH, M.D. 
AND 


JOSEPH SEIFTER, M.D. 
PHILADELPHIA 


URPURA following iodine treatment has rarely been described. 
Davis and Saunders * discovered 6 reports in the literature, pub- 
lished from 1877 to 1904; we found 8 cases published between 1919 
and 1946.‘** The case to be reported here differs from the previous 


ones in that the patient died from the rare and uniformly fatal type of 


acute purpura that is characterized by thrombopenia and widespread 
formation of thrombocytic clots in the capillaries? It is presented 
because it gives a possible clue to the genesis of this disease. 


REPORT OF CASE 


The patient was an obese Negro woman 24 years of age. Five days before 
she died she fell acutely ill with diffuse abdominal pain, hematemesis, epistaxis and 
hematuria. There were petechial hemorrhages in the skin of the chest and in the 
mucous membranes of the soft palate, the pharynx and the cervix uteri. Blood 
was oozing from the gums, and gross blood was present in the rectal groove. 
A tourniquet test was positive. A slight icteric tinge was present. Urticarial 
lesions were not observed. 

Chemical analysis of the blood revealed 8.3 Gm. of hemoglobin per hundred 
cubic centimeters. A hematocrit reading was 24 per cent. A blood smear 
showed absence of thrombocytes. A study of the bone marrow (Dr. E. Mertens) 
revealed a slight increase in cellularity due to an increase in rubriblasts, proru- 
bricytes and rubricytes. There was a slight increase in the number of mega- 
karyocytes, while thrombocytes were remarkably few, most of them staining poorly 
and showing signs of disintegration. One small blood vessel contained a thrombus. 
Bleeding time and coagulation time were not determined. 


chemistry and the Graduate School of Medicine of the University of Pennsylvania. 

1. (a) Davis, W. C., and Saunders, T. S.: Arch. Dermat. & Syph. 53:644, 
1946. (b) Osler, W., cited by Jackson.'¢ (c) Jackson, A. S.: J. A. M. A. 96: 
38, 1931. (d) Toland, C. G., and Askey, J. M.: Proc. Staff Meet., Mayo Clin. 
6:597, 1931. (e) Dennig, H.: Miinchen. med. Wchnschr. 80:562, 1933. (f) 
Pelner, L.: J. Lab. & Clin. Med. 27:1150, 1942. 

2. (a) Baehr, G.; Klemperer, P., and Schifrin, A.: Tr. A. Am. Physicians 
51:43, 1936. (b) Trobaugh, F. E.; Markowitz, M.; Davidson, C. S., and 
Crowley, W. F.: Arch. Path. 41:327, 1947. 
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Catheterized urine showed an acid reaction, albumin (2 plus), sugar (3 plus) 
and 10 to 15 erythrocytes and 5 to 6 leukocytes per high power field. The blood 
urea nitrogen was 85 mg. per hundred cubic centimeters on the third day and 
188 mg. on the last day of her illness. Carbon dioxide-combining power was 
45 volumes per cent. 

It was known that the patient had taken kelpidine,® a commercial reducing 
agent containing kelp and iodine, during the last three weeks before she fell 
ill and that she had also used this drug a year earlier. That this was the cause 
of her disease, however, was not suspected. 


Postmortem Observations.—The autopsy (Dr. D. S. Pocock) revealed petechial 
hemorrhages over the chest, the abdomen and the left arm. There were 100 cc. 
of a dark bloody fluid in each pleural cavity and 75 cc. of a similar fluid in the 
pericardial and peritoneal cavities. The endocardium of the auricles, the surface 
of the kidneys, the intestine and the brain showed numerous petechiae and ecchy- 
moses. The myocardium was diffusely hemorrhagic in places. There was marked 
congestion in the lungs, the liver, the spleen and the intestine. 

Microscopic examination of the various tissues revealed numerous throm- 
bocytic clots in the capillaries and small arteries, especially in those of the fol- 
lowing organs: the heart, liver, kidneys, adrenal glands, intestine, lymph nodes 
and bone marrow. There were small hemorrhages in almost all organs. The 


Milligrams of lodine per Gram of Moist Tissue 





Analysis Liver 
0.780 
0.745 
0.775 


0.785 





kidneys contained many protein and hemoglobin casts. There was partial necrosis, 
particularly of the islets of Langerhans. 

The kelpidine® tablets which were in the possession of the patient, and some 
viscera, were analyzed for iodine at the Wyeth Institute by the method of 
Kendall,? which has been found by Wallace and Brodie* to be satisfactory for 
studies of toxicity. The analyses were done by an experienced technician who 
was engaged in obtaining the iodine content of the tissues of experimental animals 
which had been subjected to goitrogenic drugs. 

The weight of the kelpidine® tablets varied from 670.8 to 695 mg. per tablet. 
The manufacturer's label claims 0.2 mg. of iodine per tablet. By anaylsis we 
found that each tablet contained approximately 0.3 mg. of iodine. 

Fresh liver, kidneys and lungs from a patient who had not taken iodine were 
analyzed for comparison. Six samples, ranging from 263 to 493 mg. in weight, 
were taken from each organ. The eighteen determinations made revealed no 
iodine in these tissues. 

The kidneys, the liver, the lungs and the heart of the victim were studied for 
iodine, four determinations being made on each organ. The amounts of tissue 
used ranged from 233 to 504 mg. The table shows that the yield of iodine was 
considerable. 

3. Kendall, E. G.: J. Biol. Chem. 19:251, 1914; 43:149, 1920. 

4. Wallace, G. B., and Brodie, B. B.: -J. Pharmacol. & Exper. Therap. 61: 
397, 1947. 
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The renal values are approximately three to four times those found by 
Wallace and Brodie * in dogs receiving 50 mg. of an iodide per kilogram. The 
hepatic values which we found were considerably higher. This discrepancy can 
be accounted for by the fact that the patient took the kelpidine® orally. How- 
ever, from these analytic values one would be tempted to conclude that the 
patient had taken iodine in addition to the kelpidine® tablets. 


COM MENT 


The common cutaneous eruptions following iodine treatment have 
long been explained as due to idiosyncrasy or to anaphylactic hyper- 
sensitivity caused by a combination of iodine and serum protein.° 
Recently Barker and Wood * have presented cases showing manifesta- 
tions of serum disease, namely, fever, eosinophilia, enlargement of 
lymph nodes and arthralgia, and Rich* has described a case in which 
periarteritis nodosa developed. 

Thrombotic thrombopenic purpura has similarly been interpreted as 
an anaphylactoid reaction. It has been pointed out that capillary hem- 
orrhage and thrombocytic thrombosis are typical of the Shwartzman 
phenomenon.* However, Baehr, Klemperer and Schifrin ** have shown 
that in purpura the thrombi are on the arterial side of the capillaries, 
whereas in the Shwartzman phenomenon they are on the venous side. 
Concerning the possible mechanism of this purpura, it has been postu- 
lated by some® that it was due primarily to damage of the vascular 
endothelium. Baehr, Klemperer and Schifrin ** expressed the view 
that it occurred primarily because thrombocytes were removed from 
the circulating blood while passing through abnormal capillaries. 

In cases of thrombotic thrombopenic purpura due to iodine another 
possibility suggests itself, namely, that the condition is due primarily 
to damage of the thrombocytes. It was shown by Stahl’ that the 
thrombocyte is iodinophilic. When exposed to fumes of iodine crystals 
it stains weakly yellowish, in some instances showing large mahogany- 
brown inclusions. Similarly the megakaryocyte shows a light to dark 
brown cytoplasm containing mahogany-brown bodies, particularly in 
the periphery of the cell. In view of this observation the possibility 
of a primary damage of the thrombocytic series deserves serious con- 
sideration. 


5. Friedberger, E., and Ito, T.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 
12:241, 1911-1912. Jacobs, J.: J. Immunol. 23:361 and 375, 1932. 

6. Barker, W. H., and Wood, W. B.: J. A. M. A. 114:1029, 1940. 

7. Rich, A. R.: Bull. Johns Hopkins Hosp. 77:43, 1945. 

8. Shwartzman, G.; Klemperer, P., and Gerber, I. E.: J. A. M. A. 107:1946, 
1936. 

9. Altschule, M. D.: New England J. Med. 227:477, 1942. Trobaugh and 
others.2 

10. Stahl, R.: Klin. Wehnschr. 4:589, 1925. 
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It appears to be unlikely that purpura caused by iodine is due to 
a direct action of the iodine on the thrombocytes or the megakaryocytes, 
because in this event it would occur more often. It is more likely that 
here as in other disorders caused by iodine an antigen-antibody reac- 
tion is involved. It is conceivable that antibodies evoked by the iodine 
cause agglutination or disintegration of iodine-laden cells of the throm- 
bocytic series in the circulating blood, and the thrombi formed from 
these cells are removed from the circulating blood while passing through 
the capillaries. Since they come with the blood stream, they accumu- 
late on the arterial rather than on the venous side of the capillaries. 
As a result of the occlusion, the affected endothelial cells suffer from 
anoxia and become more permeable to the elements of the blood—hence 
the positive tourniquet test. That this is a reasonable explanation is 
supported by the fact that in most of the cases reported previously "* 
as well as in our case the patient received iodine treatment preceding 
the course that caused purpura. 


SUMMARY 


A case of fatal thrombotic thrombopenic purpura following iodine 
medication is reported. It is suggested that the purpura was caused 
by an antigen-antibody reaction involving cells of the thrombocytic series. 
The involved cells agglutinated or disintegrated and occluded many 


capillaries. As a result the blood was depleted of thrombocytes and 
thrombopenic purpura ensued. 


11. Jackson.1¢ Toland and Askey.44 Dennig.’¢ 
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RELATIONS BETWEEN VOLUMES OF CLOSED HYPOTHERMAL 
CEREBRAL LESIONS AND SYMPTOMS IN RABBITS 


C. BRUCE TAYLOR, M.D. 
GEORGE M. HASS, M.D. 
AND 
JOHN E. MALONEY, M.D. 
CHICAGO 


HIS report describes a method for locally abstracting heat from 
"Baa brain without disturbing continuity of the skull or introducing 
complications incidental to mechanical trauma. The _ excessive 
thermal outflow leads to a prompt appearance of discrete volumes of 
edematous, hemorrhagic cerebral tissue. Closed cerebral lesions of this 
character, controlled with respect to dimensions and location, were 
reproduced in successive experimental animals. The correlation of the 
volume per cent of the brain occupied by each lesion with the postoperative 
clinical course of each animal disclosed data which should prove useful 
in experimental evaluation of the therapy of acutely expanding intra- 
cerebral lesions. 

METHODS 


Lesions of the brain were produced by creating a negative thermal gradient 
from the brain through the intact calvarium to a contiguous instrument cooled by 
expanding carbon dioxide. 


The Apparatus.—This consisted of two assemblies. One assembly governed 
the flow of carbon dioxide. The other was the hypothermal instrument by which 
the dimensions of lesions were controlled. A detailed description of the apparatus 
has been given elsewhere.1 The essentials are as follows: Carbon dioxide was 
conducted to a needle valve at a pressure of 800 to 1,100 pounds per square 
inch (56 to 710 Kg. per square centimeter). When the needle valve was open, 
carbon dioxide flowed into the hypothermal instrument and expanded proximal 
to the inner surface of a flat circular metal plate. The metal plate was cooled 
by the expanding gas. When the plate was placed against the external surface 
of the skull, heat was abstracted from the successive deepening layers of tissue, 
namely, periosteum, skull, dura, leptomeninges, cerebral cortex, subcortical white 
matter and deeper intracerebral structures. The effective negative thermal gradient 
from the tissue to the plate was almost equal along any line perpendicular to 
the applied surface of the plate. The effective cross sectional areas of the negative 

This research was aided by a grant from the Otho S. A. Sprague Memorial 
Fund 

From the Rush Department of Pathology, Presbyterian Hospital, in affilia- 
tion with the Department of Pathology, University of Illinois College of Medicine. 

1. Hass, G. M., and Taylor, C. B.: Arch. Path. 45:563, 1948. 


450 





TAYLOR ET AL—CLOSED CEREBRAL LESIONS IN RABBITS 451 


thermal gradient was, therefore, almost equal to the surface area of the plate in 
contact with tissue and could be varied by use of plates of different diameters 
(5 to 26 mm.). The effective depths (0 to 13 mm.) of the negative thermal 
gradient were governed by control of the time during which carbon dioxide 
flowed through the instrument under standard conditions while the cooling plate 
was in contact with the tissue. The effective volumes (about 0 to 4,000 cu. mm.) 
of the negative thermal gradient were sharply defined, therefore, by the diameter 
of the applied circular cooling plate, the duration of the flow of carbon dioxide 
and adherence to standard conditions. 

Production of Closed Craniocerebral Lesions.—Experiments were done on albino 
rabbits, 3 to 6 months of age and weighing 4 to 6 pounds. After anesthesia had 
been induced with ,ether, the animal was fastened to the operating table in the 
prone position. With aseptic precautions a midline incision about 1 inch (2.5 cm.) 
long was made in the scalp over the superior longitudinal synostosis. The scalp 


Fig. 1—The hypothermal instrument in operation. The hypothermal plate 
is frozen firmly to the intact external table of the calvarium of a rabbit. Heat 
is being abstracted from the right cerebral hemisphere within the closed cranial 
vault. Control of the flow of heat leads to the production of a cerebral lesion 
of desired volume. 


was then reflected laterally to expose the superior surface of the frontal and 
parietal bones. The cooling plate of desired diameter was screwed into the end 
of the hypothermal instrument. The surface of the plate was then immersed in 
a sterile 10 per cent aqueous solution of gelatin at 50 C. The cooling plate was 
then placed firmly against the skull to the right or to the left of the midline over 
the part of the cerebrum in which the lesion was to be produced. After the gelatin 
had made a liquid seal between the cooling plate and the periosteum, and this had 
been ascertained, excess gelatin was wiped away. Then, by manual control of 
the needle valve, carbon dioxide at a pressure of 800 to 1,100 pounds per square 
inch was jetted periodically against the inner surface of the cooling plate (fig. 1). 
The duration of each jet and the interval between jets were timed with a metronome 
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at 1.2 seconds. When a lesion of desired volume had been produced, the instru- 
ment and the tissue were allowed to gain heat from the environment. Within 
five minutes, the tissue and the cooling plate, which had been securely frozen 
together, spontaneously separated. 

Lesions showing a wide range with respect to location, breadth, depth and 
volume were produced in the superior convexity of the occiptal, parietal and 
frontal lobes of each cerebral hemisphere. Most lesions of great surface area, 
depth and volume were made in the parietal areas lateral to the median longitudinal 
fissure. It was easier to reproduce lesions of a desired large volume in this 
area, because of the contour of the skull. 

The dimensions of cerebral lesions were varied by choice throughout a 
wide range. The diameters varied from 4 to 25 mm., depths from 0.5 to 7 mm. 
and volumes from about 100 to 3,000 cu. mm. Depths ranged to all levels 
through the cortical gray matter and subcortical white matter to the proximal 
walls of the lateral ventricles and occasionally to the distal walls of these 
ventricles and structures of the midbrain. Most experiments, however, were 
devised to define the maximum and the mean survivable volumes per cent of 
cerebral injury. With this end in view, lethal and near lethal volumes of injury 
were usually produced in successive animals. No more than two lesions were 
produced in any animal. When two simultaneous lesions were required, they 
were usually bilateral. 

Clinical Observations —Following the production of lesions, periodic observations 
were made. The time the animal took to recover from anesthesia was noted. 
An attempt was made to determine whether the recovered animal behaved nor- 
mally. If the animal recovered to a normally reactive and ambulatory state, 
it was watched for signs of onset of paralysis, stupor, coma or convulsions. In 
all fatal cases the postoperative duration of life was recorded. 

Postmortem Studies——Postmortem studies were made in all cases. In acute 
experiments the animals without symptoms were usually killed at the end of 
twenty-four hours. In other experiments the animals were kept as long as 
four weeks to determine histopathologic changes during the healing of lesions. 
All quantitative data concerned with percentage volumes of cerebral damage, 
however, refer to acute experiments. 

The condition of the scalp and the calvarium was noted. The bone over 
each lesion was inspected, and blocks of the calvarium were prepared for micro- 
scopic study. 

The brain was removed by dissection, severed from the spinal cord at the 
foramen magnum and fixed for forty-eight to seventy-two hours in 4 per cent 
formaldehyde solution. After fixation, a transverse incision was made through 
the medulla at the posterior angle of the fourth ventricle. 

The volume of the brain in cubic millimeters was then determined by calculations 
from data on the weight of the brain in air and the weight while the organ was 
immersed in distilled water. 

The volume of each lesion of the brain was determined as follows: A 
template covering the surface area of the lesion was prepared and transferred 
to graph paper with transverse and vertical lines at intervals of 1 mm. The 
squares included within the outline of the template were counted. his gave 
the surface area of the lesion in square millimeters. The lesion was then bisected 
in a direction perpendicular to the maximum diameter of the lesion. The maximum 
depth of the lesion was then measured to an accuracy of 0.25 mm. The product 
of the surface area and the depth was then taken as a standard approximation 
of the volume. 
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The volume per cent of cerebral damage was calculated as the ratio between 
the volume of the lesion and the volume of the brain. 

Microscopic study was done so that correlations could be made between the 
magnitudes of the lesion as determined grossly and microscopically. 


TYPES OF POSTOPERATIVE CLINICAL COURSE OBSERVED 


Five types of postoperative clinical course were recognized. Type 1 consisted 
of rapid, asymptomatic recovery. 

Type 2 was characterized by delayed recovery from anesthesia and stupor 
persisting for less than two hours followed by complete asymptomatic recovery. 

Type 3 was characterized by a well defined sequence of signs and symptoms. 
There was slight delay in recovery from anesthesia. The recovery, however, 
seemed to be complete. The animal became ambulatory and behaved normally for 
a period varying from two to ten hours. Then there was onset of stupor, followed 
by coma, which was terminated within two hours by convulsions and death. 
This clinical course was critical, prognostically, because all animals which recovered 
consciousness postoperatively and then after a period of normal behavior lapsed 
secondarily into a stuporous state died within twenty-five hours after the time 
of production of the cerebral lesion. 

Type 4, more rapidly progressive, was characterized by incomplete recovery 
from anesthesia with persistence of unconsciousness, terminated by convulsions 
and death, usually within two to six hours after production of the lesion. 

Type 5 was seldom observed. The animals never regained normal behavior 
postoperatively. They were sluggish and responded to stimuli by hopping slowly 
away. They did not eat and tended to remain in semireclining postures until 
they were near death from dehydration and malnutrition. 

No well defined hemiparesis, paraplegia or other localizing neurologic sign 
was encountered in any animal. 


PATHOLOGIC OBSERVATIONS 


Immediately after production of a lesion there was no gross or microscopic 
change in periosteum, bone or dura. There were pericapillary hemorrhages in 
the leptomeninges and the brain. These were more prominent in the brain and 
were invariably restricted to the site of the lesion. Significant bleeding into the 
subarachnoid space beyond the sharp limits of the lesion was not encountered. 
Hemostasis was spontaneous and efficient after the immediate postoperative period. 

Lesions studied during the first few hours after production showed slight 
gross changes in periosteum, bone and dura. The subdural space within the 
limits of the lesion gradually became obliterated as fibrinous exudate bound the 
leptomeninges to the dura. There was no consistent evidence of continuous 
oozing of blood into the subarachnoid space or the cerebral part of the lesion. 
Edema, however, developed progressively. It was mild in the periosteum, the 
dura and the leptomeninges. It was prominent in the brain within and adjacent 
to the volume of damaged cerebral tissue. 

Lesions studied microscopically during the first few hours after production . 
showed early necrosis of cells, vasodilatation, intravascular thrombi, edema, inter- 
stitial hemorrhage and cellular infiltration, the inflammatory cells being few. 
These changes were mild in the periosteum and the dura. They were more 
conspicuous in the bone marrow, perhaps because of the rapid disintegration of 
hemopoietic cells. The continuity of collagenous, reticular and osseous intercellular 
structure was essentially retained. These matrices were surprisingly resistant to 
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change. The continuity of structure of the leptomeninges was also retained. 
Vasodilatation, intravascular thrombi, perivascular hemorrhage and necrosis of 
neural structure were prominent in the brain. Ganglion cells disappeared 
rapidly. Endothelial cells, fibroctyes and microglia cells were more resistant 
and in some lesions seemed to persist as structurally unimpaired units. Inflam- 
matory cell infiltration was mild in all locations. There was no suppuration or 
widespread liquefaction necrosis (fig. 2). 

Lesions whose evolution was studied over a period of several weeks showed 
periosteum and bone rapidly returning to normal. The leptomeninges became 
firmly fixed by fibrous adhesions to the dura and the cerebrum within the limits 
of the boundary of the lesion. The cerebral lesions contracted progressively, so 
that by the end of five weeks large, purplish red, acute lesions had been converted 
to small, yellow, puckered, glial scars enclosing soft masses of degenerated cerebral 
tissue and cysts. 

Lesions whose evolution was studied microscopically over a period of several 
weeks showed slowly progressive healing. Sections of the calvarium presented 


Fig. 2—A low power photomicrograph of a sagittal section of a lesion in 
the parietal lobe of a rabbit's brain. This lesion, which is of very small dimensions, 
is twelve hours old. Note the sharp margins and the convex base of the lesion 
in the midzone of the cortical gray matter. Within the limits of the lesion all 
nerve cells have disappeared, but there is no other significant disintegration 
of structure. Perivascular hemorrhage and leukocytic infiltration are inconspicuous. 


a peculiar formation of osteoid tissue in relation to the residual framework of 
“nonviable” bone. There was no sequestration or suppuration of bone. Even 
the continuity of “nonviable” and “viable” bone seemed to persist. The dura, 
thickened by fibrosis, became intimately fused with the leptomeninges, which 
in turn were firmly bound by fibrous adhesions to the surface of the healing 
cortical lesion.; The acute inflammatory and neuronal degenerative changes in the 
cerebral lesions subsided within the first few days. There was no suppuration. 
As the few infiltrating polymorphonuclear leukocytes disappeared, macrophages 
laden with lipoid materials derived from disintegrating neurons became conspicuous. 
The process of resorption, phagocytosis and gliosis was slow. There was no 
regeneration of neurons. All ganglion cells disappeared. Reparative processes 
finally converted the volume of injured cerebral tissue into a lesion which closely 
resembled a healed infarct of the human brain. 
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DIMENSIONS OF THE CEREBRAL LESIONS 


Each cerebral lesion was essentially cylindric in shape. The bases of the 
cylinder, one adjacent to the leptomeninges and the other at a deeper level in 
the brain, were slightly convex. (See figures 3 and 4.) The subleptomeningeal 


Fig. 3—Photographs showing the superior convex surfaces of brains of rabbits 
containing bilateral parietal lesions. The lesions are six to twelve hours old. 
The clinical course of these animals was type 3. Note the discrete character 
of the lesions, with vasodilatation, edema and hemorrhage restricted to the areas 
of injury 


base was always of slightly greater diameter than the intracerebral base. Each 
lesion, therefore, was more like a solid truncated cone. The smallest lesions were 
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about 5 mm. in diameter and 1 mm. in depth. The largest lesions were about 
25 mm. in diameter and 7 mm. in depth. Most lesions were from 15 to 20 mm. 
in diameter and 3 to 5 mm. in depth. 

The total volume per cent of the brain occupied by lesions ranged from 1.33 
to 32.5 (see table). About half of the series had single unilateral lesions. 
The remainder had either one lesion in each hemisphere or occasionally two 
lesions in one hemisphere. 

There were several sources of error in the measuring of lesions. There was 
no significant error in the technic of measuring the volume of the brain. The 
differences, however, between the volume as measured and the true normal volume 
may be considerable. Formaldehyde fixation decreases the volume of the brain. 
However, it seems probable that the standard time of fixation eliminated significance 


Fig. 4——Photographs showing sagittal sections of bilateral parietal lesions 
of brains of rabbits. The lesions are six to twenty-four hours old. They represent 
lesions which are of four different magnitudes in breadth, depth and volume. 
Each animal pursued a clinical course (type 1, 2, 3 or 4) in keeping with the 
illustrated differences of the percentage volume of cerebral damage. Note the 
distinct bases and margins of the lesions. 


from this source of error. The lesion of the brain also changed the volume of the 
brain. When a lesion was acute, there was an increase in the total cerebral voiume 


because of edema and hemorrhage within the lesion. These factors necessarily 
varied, increasing, in general, with increase of the volume of the lesion. When a 
lesion was old or healed, there was a decrease in total cerebral volume. Edema 


had subsided. Hemorrhage had resorbed. Degenerated cerebral tissue had dis- 
appeared, leaving a contracted scar. The over-all effect of old healing lesions 
was to minimize the actual volume per cent of cerebral damage 
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Relations Between Percentage V olume of Cerebral Damage, Type of Clinical 
Course and Duration of Life 








Percentage 

Volume Type Duration 

of Cerebral of Clinical of Life, 
Damage Course Hr. * 
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Relations Between Percentage Volume of Cerebral Damage, Type of Clinical 
Course and Duration of Life—Continued 


Percentage 
Volume Type Duration 
of Cerebral of Clinical of Life, 
Experiment No. Damage Course Hr. * 

11.5 y 3 

ll. 

ll. 

11. 

12.3 

12. 

1 

12.7 








* If no period of survival is stated, the animal did not die. 


It became necessary, therefore, to restrict critical comparison of one experi- 
ment with another to instances in which the lesions did not differ greatly in volume 


and age. In addition, uncontrolled variables played such an important part that we 
have attached no significance to data which fail to take into account a plus or 
a minus 10 per cent range of error in the actual determination of the volume per 
cent of cerebral damage. 
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RELATIONS BETWEEN CLINICAL COURSE AND PERCENTAGE 
VOLUME OF CEREBRAL DAMAGE 


The clinical courses of animals following the production of acute 
lesions were with rare exceptions in accord with the five types which 
have been described. The type of clinical course could usually be corre- 
lated with a range of percentage volume of cerebral damage (table). 
The variable distribution of the damage within the extraventricular 
limits of the superior convexity of the cerebrum in the parieto-occipital 
regions was not important. Clinical findings in animals with large uni- 
lateral lesions were comparable with those in animals with smaller 
bilateral lesions leading to the same total percentage volume of damage. 

All animals in which the range of damage lay between 1.33 and 9.43 
volumes per hundred volumes of brain followed clinical courses of type 1 
or type 2. They recovered normal behavior either promptly or after 
slightly prolonged recovery from the anesthesia. Thereafter they had 
no significant signs or symptoms. Of the 46 animals in this group, only 
6 had even a prolonged recovery period (fifteen to thirty minutes) 
following anesthesia (type 2). The remainder behaved as if no injury 
had been produced (type 1). 

Forty-nine animals with cerebral damage within the range 9.45 to 
18.53 volumes per cent followed one of five types of clinical course. 
Twenty-one animals recovered promptly from the anesthesia and 
exhibited no symptoms thereafter (type 1). Four animals recovered 
slowly from the anesthesia and thereafter exhibited no symptoms (type 
2). Seventeen animals, after slight delay in recovering from the 
anesthesia, returned to normal behavior but thereafter lapsed into stupor 
terminated by coma and death (type 3). The duration of normal 
behavior varied from one to about twenty hours, and the postoperative 
duration of life from two to about twenty-five hours. Three animals 
failed to regain full consciousness postoperatively. They remained 
stuporous, lapsed into coma and died within three to five hours after 
the operation (type 4). Four animals were in a postoperative stuporous 
condition for at least two days (type 5). It seemed that they would die 
of causes other than cerebral damage ; so they were regarded as survivors 
and put to death. All animals of this group had a large amount of 
cerebral damage (13.05 to 17.8 volumes per cent). 

All animals (9) with more than 18.53 volumes per cent of cerebral 
damage died within two to fourteen hours. Of these, 8 had a period 
of normal behavior before lapsing into secondary stupor and coma, 
terminated by death (type 3). The ninth animal remained unreactive 
postoperatively and died in two hours (type 4). 

The following conclusions concerning the effect of single unilateral 
or multiple simultaneous unilateral or bilateral closed cerebral lesions 
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were drawn: First, if the cerebral damage does not exceed 9.43 volumes 
per cent, the animal survives without exhibiting significant signs or 
symptoms. Second, if the cerebral damage is within the range 9.43 to 
18.53 volumes per cent, the probability of survival is about one half, 
diminishing somewhat as the percentage volume of damage increases. 
Third, when the cerebral damage is greater than 18.53 volumes per cent, 
no animal survives. Fourth, the clinical counterpart of minimum lethal 
cerebral damage is the type 3 clinical course, namely, slight delay of 
postoperative recovery, return of normal behavior, and then lapse into 
stupor terminated by coma and death. No animal recovered from the 
stupor which developed after a period of normal behavior. 


MEAN PERCENTAGE LETHAL VOLUME OF CEREBRAL DAMAGE 


All animals with cerebral damage less than 9.45 volumes per cent 
survived, and all animals whose cerebral damage was 18.53 volumes 
per cent or more died (table). There were 49 animals with cerebral 
damage between 9.45 and 18.53 volumes per cent. In this group, 29 
survived and 20 died. The average percentage volume of cerebral 
damage was 13.7 among the survivors and 14.9 among those which died. 
The mean percentage volume of cerebral damage between the two groups 
was about 14.3. Therefore, about one half of a large group of animals 
with lesions of this magnitude might be expected to survive. If the 
volume of lesions is greater than about 18.5 per cent of the volume of 
the brain, none may be expected to survive. These data indicate that 
the evaluation of the usefulness of methods for reducing the mortality 
rate due to lesions of this type can best be carried out by studies of 
large groups of animals whose percentage volume of cerebral damage 
is about 14.3 per cent of that of the brain or small groups of animals 
whose percentage volume of cerebral damage is more than 18.5 per cent 
of that of the brain. 

COMMENT 


Heretofore, experimental studies of acutely expanding intracranial 
lesions have been conducted principally by traumatic methods. These 
methods introduce variables of concussion, cranial fracture, diffuseness 
of injury or craniotomy with its numerous complications. With the 
hypothermal method, described in this report, these variables have 
been eliminated. Other variables, such as location, dimensions and 
character of lesion, have been only partly controlled. There were limits 
as to location in which a large volume of injury could be conveniently 
produced. The most suitable locations were beneath those parts of the 
skull which were most accessible and least irregular or convex. For 
this reason, all lesions recorded here were produced beneath the 
superior planar or superior-lateral convex surface of the cranial vault. 
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They extended in some cases as far forward as the anterior-superior 
convex surface of the frontal lobes and as far posteriorly as the tips 
of the occipital lobes. The lateral, inferior and medial aspects of the 
cerebral hemispheres were not selectively damaged. When these areas 
of the brain were approached, the technic was more difficult and volumes 
of lesions were less easily reproduced. Similar trouble was encountered 
in the production of large cerebellar lesions. 

The location of lesions, topographically speaking, was not only limited 
from the point of view of controlled cortical inactivation. Discrete, 
deep central cerebral lesions could not be produced without inactivating 
all overlying structure up to the surface of the cerebral cortex. 

The dimensions of lesions of certain types were reproduced with 
reasonable accuracy in successive experiments. When a_ standard 
method was adhered to, the range of error in the production of lesions 
of large diameter (about 25 mm.), depth (about 5 mm.) and volume 
(about 2,000 cu. mm.) or lesions of medium diameter (about 15 mm.), 
depth (about 3 mm.) and volume (about 500 cu. mm.) was no greater 
than plus or minus 10 per cent of the desired values. The greatest errors 
occurred when lesions of large or medium diameter (15 to 25 mm.), 
small depth (0.5 mm.) and very small volume (75 to 200 cu. mm.) 
were desired. In other words, the range of error in the reproduction 
of a lesion increased with increasing divergence of values for diameter 
and depth. 

The character of the acute lesions was not constant. There was 
a slight variation of the amount of hemorrhage within the volume of 
injured tissue (figs. 3 and 4). Inasmuch as there was no hemorrhage 
beyond the limits of the lesion except when the lateral ventricular 
wall had been destroyed, this slight variation of bleeding within the 
boundaries of lesions seems to be unimportant. However, it cannot be 
disregarded, and doubtless suggests an explanation for the variability 
of clinical manifestations caused by comparable percentage volumes of 
cerebral damage in the same locations in different animals. 

We are inclined, however, to regard variations of the amount of 
cerebral edema as more important than those of intracerebral hemorrhage. 
Edema was never conspicuous when hemorrhage was insignificant. 
It was always conspicuous in and adjacent to the most hemorrhagic 
lesions. It reached a maximum, grossly, some time after perivascular 
hemorrhage had stopped. We have concluded that progressive edema 
rather than progressive hemorrhage or progressive necrosis was the 
principal cause of the late onset of severe clinical signs and symptoms 
after several hours of normal postoperative behavior. 

These experiments have established criteria which should be useful 
in evaluating methods of treatment. A survey of the postoperative 
clinical courses indicates that with rare exceptions recovery of con- 
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sciousness and apparent normal behavior over a period of twelve to 
fourteen hours were followed by permanent asymptomatic recovery. 
This clinical course was characteristic of cases in which the cerebral 
damage was less than 9.43 volumes per cent. A similar clinical course 
was observed in more than one half of the cases in which the cerebral 
damage was greater than 9.43 and less than 18.5 volumes per cent. 
Among the other cases with damage in this range and cases with 
damage in excess of 18.5 volumes per cent there were many in which the 
postoperative period of normal behavior was characterized by a late 
onset of stupor, coma and convulsions, terminated invariably by death. 
The average postoperative duration of life in this group was seven 
and a half hours. A smaller number of animals failed to recover from 
the anesthesia and persisted in a stuporous, semicomatose condition, 
which occasionally was prolonged (type 5) but which usually was 
terminated by death in two or three hours (type 4). All animals with 
these symptoms had lesions in excess of 11 volumes per cent. 

It may be concluded, therefore, that the problem oi rational treat- 
ment of acutely expanding closed cerebral lesions that are characterized 
principally by intracerebral edema and hemorrhage can now be 
approached from a quantitative standpoint. A method of producing 
closed lesions of desired dimensions and character has become available. 
The relations between signs and symptoms and the volume per cent 
of the cerebrum occupied by the lesion, or lesions, have been estab- 


lished. All animals which either lapsed secondarily into stupor fol- 


lowing a postoperative period of normal behavior or had more than 
18.5 volumes of cerebral damage per hundred volumes of brain failed to 
recover. Any therapeutic method which appreciably reduces the 
mortality rates in either of these groups of cases may be regarded as 
beneficial, and the degree of benefit may be subjected to quantitative 
scrutiny. 

SUM MARY 

Acute closed cerebral lesions characterized by hemorrhage, necrosis 
and progressive edema were produced hypothermally without interrupting 
the continuity of the calvarium or introducing the variables incidental to 
mechanical trauma. The dimensions and the locations of the lesions 
were controlled so that they could be reproduced topographically and 
quantitatively in successive animals. Although hemorrhage, edema 
and necrosis varied slightly in lesions which were otherwise identical, 
the variations were restricted to discrete volumes of injury. 

When unilateral or bilateral lesions of the cerebrum occupied less 
than 9.4 volumes per hundred volumes of the brain, symptoms were 
negligible. When the lesions occupied 9.4 to 18.5 volumes per cent 
severe symptoms developed in many animals. The data indicated that 
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the minimum lethal volume of cerebral damage in 50 per cent of animals 
was 14.3 per cent of the volume of the brain. 

Severe clinical courses with an average postoperative duration of 
about seven hours and fatal termination always occurred when the 
lesions occupied more than 18.5 volumes per cent of the brain. The great 
majority of animals that died had a postoperative period of normal 
behavior. Secondary lapse into stupor was a clear indication that 
coma impended and that death would occur within about twenty-four 
hours from the time of completion of the operation. 

These data indicate that a quantitative experimental approach to 
the problem of the treatment of acutely expanding closed intracerebral 


lesions characterized by local necrosis, hemorrhage and edema can be 
made. The postoperative duration of life can be predicted from the 
magnitude of the lesions which are produced, and this duration is 
sufficient to permit evaluation of most therapeutic methods. 
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HE EFFECT of heat on the nutritive value of proteins has 


long been a problem of considerable interest. For example, evi- 
dence has been presented that diminished growth observed during 
administration of heat-treated diets may be the result of damage 


to lysine.t Others have shown that in such experiments there is 
diminished “in vitro’’ enzymatic ‘ligestion of protein.? In view of 
the number of factors concerned it seemed desirable to carry out a 
concomitant chemical and morphologic study designed to evaluate more 
thoroughly the total situation. The material presented here represents 
part of the data obtained from experiments in which the effect of heat 
on the nutritive value of lactalbumin was studied; other data have 
been reported elsewhere.* 


EXPERIMENTAL PROCEDURE 


The animals used were male albino rats approximately 25 days old and 
weighing between 40 and 60 Gm. The diets contained lactalbumin dry heated at 
200 C. for one hour (designated 200DL), lactalbumin dry heated at 140 C. for 
one hour (designated 140DL), unheated lactalbumin (designated UNL), and lact- 
albumin autoclaved at 120 C. for one hour under 15 pounds (6.5 Kg.) of pressure 
(designated 120AL). In these diets the only variable was the treatment to which 
the protein had been subjected. A diet containing no protein but with an isocaloric 
dextrin replacement of protein was also used. These diets were balanced in all 
other respects. The rats were divided into three groups: 


From the Departments of Anatomy and Physiological Chemistry, Wayne 
University College of Medicine. 

1. Greaves, E. O.; Morgan, A. F., and Loveen, M. K.: J. Nutrition 16:115, 
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2. Seegers, W. H., and Matill, H. A.: J. Nutrition 10:271, 1935. Evans, R. J.; 
McGinnis, J., and St. John, J. L.: ibid. 33:661, 1947. 

3. Davis, R. M.; Rizzo, P., and Smith, A. H.: J. Nutrition 37:115, 1949. 
See also Davis, R. M.: The Effect of Heat on the Nutritive Value of Pro- 
teins and Amino Acids, Detroit, Wayne University, 1948. 
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Group 1. The animals of this group were paired and the pairs fed diet 200DL, 
120AL and 140DL for three weeks and diet UNL for four weeks. The amount 
given was determined by the daily intake of the 200DL animals. 

Group 2. These animals were allowed to eat diets 120AL, 140DL and UNL 
ad libitum for eight weeks. 

Group 3. The “no protein” group was fed ad libitum for a three week period 
and compared with the 200DL animals. 

Five rats were selected, wherever possible, from each dietary group and studied 
in detail. No attempt was made to study pair-fed animals (tables 1 and 2). 

During the experimental period, body weights were determined weekly, slit 
lamp examinations for corneal vascularization were carried out biweekly, starting 
usually two weeks after the experiment was begun, and representative animals 


TasBLe 1.—Diets (Protein—Lactalbumin) 








Degrees ©. Type of Heat Time 
200 Dry 1 br. 
Dry 1 hr. 

Autoclave 1 hr. 





TABLE 2.—Groups and Their Feeding 











Group Rats Duration, Wk. Type of Feeding 
5 ‘ Ad libitum 


5 § Pair-fed to 200DL 
Pair-fed to 200DL 
Pair-fed to 200DL 
Ad libitum 
Ad libitum 
Ad libitum 
Ad libitum 
Repeat Ad libitum 





were anesthetized with pentobarbital sodium, given intraperitoneally, and roent- 
genograms were taken with the animal in the dorsoventral position. At the end 
of the experimental period tail blood was taken for determinations of hemoglobin. 
The animals were then killed either by decapitation or by administration of pento- 
barbital sodium. When concentrations of plasma proteins were to be determined, 
the blood of decapitated animals was drained into an evaporating dish containing 
sodium oxalate crystals. Complete autopsies were performed, and weights of organs 
were determined. Tissues and organs were fixed in Bouin’s fluid in all cases, and 
in the case of group 2, in both Bouin’s fluid and formaldehyde-Zenker solution. 
In this group a portion of the liver was also fixed in 4 per cent neutral formal- 
dehyde. Most of the liver was placed in alcoholic potassium hydroxide for deter- 
minations of lipid. Eyes were fixed in various solutions: Carnoy-Lebrun solution, 
Bouin’s fluid and 4 per cent formaldehyde. Eyes and skin were infiltrated with, 
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and embedded in, celloidin. Lower extremities were decalcified after Bouin fluid 
fixation, embedded in paraffin and sectioned sagittally. All other tissues were 
embedded in paraffin, sectioned at approximately 6 microns and stained with hema- 
toxylin and eosin. In addition, frozen sections of formaldehyde-fixed liver were 
stained for lipids with scarlet red. In selected cases of corneal vascularization 
india ink was injected. 

RESULTS 


Health (group 1).—The 200DL rats showed a notable decrease in appetite and 
activity. Their hair became scanty. They did not maintain body cleanliness and 
tended to become infested with lice. They appeared humpbacked; their general 
condition deteriorated steadily, and they usually died in three to four weeks. 
Because of this, the duration of experiments in group 1 was three weeks. The 
course of events for those rats fed the “no protein” diet was similar to that of 
the 200DL group. The 120AL group was the next most affected; they appeared 
to be chronically malnourished. Some of these rats gradually failed and eventually 
died. The 140DL and UNL rats were undernourished and stunted in growth 
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Chart 1—Group 1 and “no protein” body weights expressed as percentile 
changes from initial means. 


but remained active and maintained cleanliness. In group 2 the rats showed 
similar gradations in growth and well-being. Those in 120AL were most stunted; 
the 140DL group was intermediate ; those in the UNL group grew at a normal rate. 
IW eight—As shown by the curves in charts 1 and 2, the losses of body weight 
were similar for rats in the 200DL and the “no protein” groups. Those in the 
120AL, 140DL and UNL groups showed the same pattern of growth curves in 
both three and eight week periods, which indicated a consistently decreasing degree 
of malnutrition. Differences between groups were statistically significant. 
Organ-Body Weight Ratios—Percentile weights of brain, lungs, heart, spleen, 
pituitary gland, adrenal glands, kidneys, testes and liver were calculated and 
subjected to statistical analyses. Thymus was not included because its location 
and separation from fat, blood vessels and lymph nodes could not be carried out 
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with any reasonable degree of certainty. In the three week pair-fed group the 
figures were comparable for all organs except heart and kidney. The latter organs 
showed percentile values which were highest in the 200DL group and decreased 
progressively in the 120AL, 140DL and UNL groups. These differences were 
statistically significant. Testes and spleen showed such marked variability within 
groups that differences between groups were not significant. In the 120AL, 140DL 
and UNL ad libitum groups the organs may be classified as follows: 

Those which showed inverse variation with body weight; i. e., 120AL animals 
which had the lowest body weights showed the highest percentile organ weights, 
140DL animals were intermediate in both body and organ weights, and UNL 
animals with the highest body weights showed the lowest percentile organ weights. 
In most cases differences between group means of percentile weights for the same 
organ were statistically significant. These organs were: brain, lungs, heart, 
adrenal glands and kidneys. 

One organ which showed direct variation with body weight: testis. 
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Chart 2.—Group 2 body weights expressed as percentile changes from initial 


means. 


Others: The livers of 140DL animals showed the highest per cent of body 
weight and those of UNL the lowest. There was, however, no statistically sig- 
nificant difference between 120AL and 140DL. 

These findings suggest that the weight of the liver may vary inversely with 
that of the body. The pituitary gland showed significant differences between all 
groups; but the error in measuring such small quantities was so large that the 
results were not considered meaningful. Nevertheless, 120AL presents the highest 
per cent of body weight, 140DL the lowest and UNL an intermediate per cent. 

Roentgen Examination.—Roentgen examination of controls and their diet mates 
in the three week pair-feeding experiment showed marked obliteration of epiphysial 
lines in the 200DL group and little or no differences between those of the 140DL, 
120AL and UNL (control) rats. The most prominent roentgen feature of the 
deficient eight week ad libitum rats was the generalized lack of skeletal growth. 
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The epiphyses of these animals were graded in width, the UNL being widest, 
140DL intermediate and 120AL narrowest. No changes of degree of calcification 
were noted in either experiment. 

Hemoglobin.—Hemoglobin was determined on tail blood by the acid hematin 
method (table 3). As shown in table 3, the three week 120AL and 200DL groups 
showed probable anemia, while UNL and 140DL had relatively normal values. 
The degree of anemia in the “no protein” group was not significantly different 
from that in the 200DL. There were similar findings in the eight week group. 


TasBLe 3.—Hemoglobin 








Gm. of 
Hemoglobin 
per 100 Ce. Standard 
of Blood Deviation 


12.25 0.85 
10.18 1.68 
12.20 0.14 
11.32 0.71 
10.24 1.24 
10.36 1.68 
11.96 1.29 
11.99 0.50 


Standard 
Error 
0.43 
0.94 
0.06 
0.32 
0.55 
0.84 
0.58 


Diet Rats 
UNL* 

1200AL 

140DL 

200D L 

No protein t 

1200AL 

140D L 

UNL 


3 wk. pair-fed 


8 wk. ad libitum 





* This group was fed for four weeks. 
+ This group was included for comparison with the 200DL rats. 


Taste 4.—Plasma Protein 


Gm. of 
Protein 


Study 


3 wk. pair-fed.. 


Diet Rats 
UNL* 
140DL 
1200AL 


200D L 


per 100 Ce. 


Standard 


of Blood Deviation 


5.09 
5.95 
5.44 
3.43 


0.14 
0.68 
0.78 


Standard 
Error 


0.07 
0.30 
0.35 
0.30 








* This group was fed for four weeks. 


Plasma Proteins —Plasma proteins were determined by the micro-Kjeldahl 
technic with the aid of a Pregl distillation apparatus* (table 4). The low value 
for the 200DL group is the only significant observation. 

Liver Lipids—The gravimetric method of Leathes and Raper® was used for 
determining the lipid content of liver. Since complete data were not available for 
the lipid contents of the liver of animals used in all other parts of this study, 
the material presented in table 5 is the complete study performed on liver lipids. 

Normal liver lipid content varies greatly in different groups of animals ;® 
therefore, the data are given for rats of the same litters that were used for 


4. Pregl, F.: 
Springer, 1912. 

5. Leathes, J. B., and Raper, H. S.: The Fats, ed. 2, New York, Longmans, 
Green & Co., 1925. 

6. Singal, S. A., and Eckstein, H. C.: J. Biol. Chem. 140:27, 1941. 


Die quantitative organische Mikroanalyze, ed. 2, Berlin, Julius 
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experimentation at the same time. The absolute values are quite different in the 
two series but the increase in liver lipid content with increase in heat treatment 
is consistent and may be significant. 

Morphologic Aspects—No deviations from the controls of any experimental 
group were noted in the following organs: heart, lungs, kidneys, ureter, bladder, 
prostate, seminal vesicles, ductus deferens, muscle, brain, pituitary gland, thyroid 
gland, parathyroid gland, adrenal glands and skin. Changes were noted in the 
following organs: 

Spleen: Hypoplasia of malpighian corpuscles was frequently noted in all groups. 

Bone: In the epiphyses, the width of the zone of proliferating cartilage was 
decreased; there was also diminution of the number of hypertrophic cells and of 
the size of the zone of invading capillaries, and there was formation of little or no 
provisional bone. These changes were not seen in either the three or the eight 
week UNL group. They were observed in only 2 140DL animals (one was an 
eight week ad libitum animal showing an unusual degree of stunting, and the other 
a three week pair-fed animal) and in only 1 120AL three week pair-fed animal. 
The same alterations were seen in 7 of 9 200DL animals and 3 of 3 “no protein” 
animals. No changes were observed in articular cartilages of any member of 
any series. 

Marrow: Decreased cellularity was evident in the femoral and tibial marrow 
of certain deficient rats. (No counts were done.) This was noted in 9 of 9 200DL 
rats, in 1 of 3 “no protein” rats and in the same 2 140DL rats which showed thinning 
of the epiphyses. Comparison of hemoglobin levels with the hypoplastic marrow 
showed no apparent relationship between the two. This may possibly be the result 
of hemoconcentration.? 

Thymus: When the thymus was found in the more deficient animals (200DL 
and “no protein”), marked atrophy of both medullary and cortical elements was 
noted. Lymph nodes were occasionally atrophic, but the change was not impressive. 
No group comparisons could be made. 

Testes: Deficient animals showed decreased spermatogenesis, which appeared 
to stop at the stage of primary and secondary spermatocytes. In only 2 140DL 
animals of the three week pair-fed groups did mature sperms develop. None of 
the animals of the “no protein” group showed complete spermatogenesis. In the 
eight week ad libitum group all UNL rats showed mature sperms, as did 2 of 5 
140DL animals and 1 of 4 120AL rats. 

Gastrointestinal Tract: No changes were noted in the intestines of any animal 
in any group. Ulcers of the stomach were a significant finding in deficient animals. 
No studies are available for the three week pair-fed groups. In subsequent studies, 
ulcers were found at autopsy in 20 per cent of 200DL, 25 per cent of “no protein,” 
100 per cent of 140DL, 100 per cent of 120AL and 20 per cent of UNL rats. 
They were located in the stratified squamous epithelium of the prostomach and 
usually at its junction with the secretory portion. When few they were arranged 
about the esophageal orifice; when multiple they covered the prostomach. His- 
tologically, each was an erosion in the stratified squamous epithelium with hyper- 
trophy of the surrounding epithelial cells. There was usually leukocytic infiltration 
of the submucosa and the muscular layers below the ulcer. 

7. Metcoff, J.; Favour, C. B., and Stare, F. J.: J. Clin. Investigation 24:82, 
1945. 
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Eyes: They were examined with the slit lamp routinely. Corneal vasculariza- 
tion was found, usually beginning temporally, about two and one-half to three 
weeks after the animals were restricted to certain of the deficient diets. The 
vessels in all cases invaded a previously clouded cornea, although many clouded 
corneas were seen without vascularization. Some corneas appeared to be ulcerated, 
but fluorescein was not used to investigate this phenomenon further. Owing to 
the extreme pallor of some of the animals, the blood vessels were difficult to see. 
Vascularization was seen in 7 of 9 200DL rats and 2 of 5 “no protein” rats, and 
in no other group. It was impossible to confirm vascularization in all instances 
by histologic study, but this does not invalidate the findings with the slit lamp. 
Since the vessels grow out in a comparatively narrow spray, it is difficult to locate 
them unless serial sections are made. When vascularization was apparent, capil- 
laries were actually growing into the substantia propria of the cornea. There 
was also some degree of leukocytic infiltration below the corneal epithelium. No 
other changes were noted except possibly edema of the substantia propria of 
the cornea in some instances. Cataract formation was not observed in any 


animal. 


Tasie 5.—Liver Lipids 


Time Gm.of Lipid 
on per 100 Gm 
Diet, of Liver Standard Standard 
Study Diet Rats Wk (Mean) Deviation Error 


Pair-fed.....-......+++ UNL 4 
140DL § 3 
12AlI 
200D L. * 
Ad Lbitum. A ‘ UNI 
140DI 
WAT 
200D L 3 3 10.57 





* The livers were removed from the animals six to twelve hours after death. 


Liver: Scarlet red preparations of frozen sections of formaldehyde-fixed livers 
showed the greatest amount of fat in the 120AL and the least in the 200DL and 
“no protein” groups. These findings were roughly confirmed by the hematoxylin- 
eosin sections, but they do not agree with those obtained by chemical determina- 
tions of lipid. As ascertained by chemical means, 200DL had the highest lipid 
content ; histologically, their lipid content was the lowest. This suggests that the 
fat in the liver of the 200DL animal is deposited in a form differing from that of 
the fat observed in the other groups. The histologic distribution of fat was 
variable. In only 1 animal (a 120AL not presented in this series) of the 79 exam- 
ined for liver fat was damage noted 

Pancreas: Pancreatic necrosis was observed in 200DL, 120AL ad libitum and 
140DL ad libitum animals. The most severe damage was in the 120AL ad libitum 
group. It appeared to be confined to the acini and consisted of vacuolation of 
cytoplasm leading eventually to a loss of cell boundaries and karyolysis and 
pyknosis of nuclei. In the 140DL ad libitum group early changes were seen in 


small focal areas, and in the 200DL group diffuse early changes were noted. 
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COM MENT 


It was hoped when the study was begun to establish a chemical and 
morphologic syndrome which could be associated with the feeding of 
heated protein. As was reported previously,* there is diminished 
digestion of heated lactalbumin. This study adequately supports the 
hypothesis of decreased digestibility, since findings quite similar to 
those presented here have been reported by others who have studied 
protein deprivation. The comparison of 200DL and “no protein” 
groups shows that the two afe similar in general status, loss of weight, 
chemical changes and morphologic changes. This is further evidence 
in support of the hypothesis of the indigestibility of heat-treated lactal- 
bumin. The 200DL and “no protein” groups are examples of acute 
protein deprivation and the 120AL and 140DL groups show its 
chronic effects. The findings in 120AL and 140DL pair-fed groups 
are further accentuated and complicated by the pair-feeding phenome- 
non, which adds partial starvation to the picture. Whether it is possible 
to separate the findings due to protein deprivation from those due 
to underfeeding alone is yet another problem. 

Organ-Body Weight Ratios—In examining organ-body weight 
ratios in the three week pair-fed experiment we observed that the 
only differences between UNL, 120AL, 140DL and 200DL groups 
are in the kidneys and the hearts, both of which show a high percentile 
weight in 2Z00DL animals and then decreasing values through 120AL, 
140DL and UNL rats. It is a well substantiated phenemenon that 
kidneys are resistant to loss of weight.* The values for the heart, in 
this case, must be explained on the same basis. The spleen and the 
testes are so variable, in this study and those of others,’ that the few 
observations presented here cannot be significant in determining differ- 
ences between dietary groups. 

In explaining the fact that the percentile weights of brain, lungs, 
heart, adrenal glands and kidneys vary inversely with body weight 
in the eight week ad libitum group one must consider three possibilities. 
First, the differences in percentile variation are due merely to graded 
amounts of unmeasured protoplasm. To produce, then, inverse vari- 
ation the organs weighed must grow at a similar pace in all groups 
and present similar total values. On examination of crude weights 
there is seen a gradation of group organ weights similar to that of 


8. Jackson, C. M.: The Effects of Inanition and Malnutrition upon Growth 
and Structure, Philadelphia, P. Blakiston’s Son & Co., 1925. 

9. Webster, S. H.; Liljegren, E. J., and Zimmer, D. J.: Am. J. Anat. 81:477, 
1947. 
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body weights. Therefore, the difference is not due solely to diminished 
growth of unmeasured elements. Second, these organs may be con- 
sidered those most essential to maintenance of body integrity and 
therefore those which take precedence in utilizing the available protein. 
A third hypothesis, one which is difficult to separate from the second, 
is that the organs in question have genetically determined growth 
preferences. The truth is undoubtedly a composite of the factors con- 
sidered. The reverse variation of the testes, which increase in weight 
directly as body weight, indicates their gsuperfluous function under 
conditions of strain. The liver is variable in response; the present 
findings suggest inverse variation. 

Hemoglobin, Plasma Proteins——The relationship of hemoglobin 
and plasma proteins to protein intake has been studied in detail.'® 
It has been shown that the concentration of plasma proteins and that 
of hemoglobin decrease with diminished intake of protein and that hemo- 
globin is retained in preference to plasma proteins." The loss of plasma 
protein is primarily due to loss of the albumin fraction." A tendency 
toward anemia was noted in the 200DL and 120AL groups and 
diminished plasma proteins in the 200DL group. From examination 
of the data from the 200DL group it is evident that the percentile 
loss of total plasma proteins is greater than that of hemoglobin. In the 
120AL animals a low level of hemoglobin is present with a normal 
level of plasma proteins. These findings are difficult to explain. Since 
hemoconcentration is a feature of protein deprivation, early anemia in 
the 140DL group might possibly have been discovered if blood volumes 
had been studied. 

Liver.—Hepatic lipids have been shown to increase with the degree 
of protein deficiency and to exist probably in altered form when protein 
depletion is most severe. Weast, Groody and Morgan" described 
increased liver lipids in dogs fed heated casein. 





Testes, Thymus, Spleen.—The histologic changes observed in these 
organs are common phenomena. Severe atrophy of the thymus is a well 
recognized entity with various amino acid deficiencies '* and also with 
inanition. 


10. (a) Zeldis, L. J.; Alling, E. L.; McCoord, A. B., and Kulka, J. P.: 
J. Exper. Med. 82:157, 1945. (b) Bieler, M. M.; Ecker, E. E., and Spies, T. D.: 
J. Lab. & Clin. Med. 32:130, 1947. Metcoff and others.’ 

11. Whipple, G. H.: Am. J. M. Sc. 203:477, 1942. 

12. Weast, E. O.; Groody,.M., and Morgan, A. F.: Am. J. Physiol. 152:286, 
1948. 


13. Maun, M.; Cahill, W. M., and Davis, R. M.: (a) Arch. Path. 39:294, 1945; 
(b) 40:173, 1945; (c) 41:25, 1946. 
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Ulcers.—Hoelzel and Da Costa '* have shown the high incidence of 
rumenal ulcers with hypertrophied edges in animals fed low protein 
diets. Zucker, Berg and Zucker '* described fundic hemorrhages, as 
well as rumenal ulcers, in animals fed such diets. These hemorrhages 
were not seen in our studies. Except for the acute deficiencies, the 
incidence of ulcers in our data bears a consistent relationship to the 
degree of dietary damage due to heat. Considering the peculiar struc- 
ture of the rat’s stomach, one infers that the corresponding lesion in 
human beings would probably be esophageal ulceration. Therefore, the 
transference of any information gained from studies of such ulcers in 
rats to human peptic ulcers must be made with definite reservations. 

Bone.—Saxton and Silberberg ‘* described epiphysial derangement 
and narrowing consequent to the underfeeding of adequate diets over a 
prolonged period. In the present series similar epiphysial changes 
were found in the 200DL and “no protein” groups. No measurements 
or cell counts were made, so that slight differences may have been 
overlooked. Hypoplasia of marrow was also observed by Saxton and 
Silberberg. 

Corneal V ascularization.—Corneal vascularization may be produced 
in the rat by a variety of dietary deficiencies, such as avitaminoses, lack 
of certain essential amino acids, lack of certain minerals *’ and even 
by protein-free diets.'* Tryptophane is one of the amino acids which 
has been studied extensively with respect to corneal vascularization.” 
The difference between the vascularization of tryptophane deficiency and 
that obtained by feeding 200DL and “no protein“ diets is the presence 
in the latter of corneal clouding without cataract formation. This 
indicates that tryptophane deficiency was not the sole factor involved 
in this experiment. The involvement was intermediate to that obtained 
with leucine deficiency,’*® which is quite severe, and that with histidine 
deficiency.*** 


The relative imbalances of nutritional elements brought 
about by the present study are not simple, so that undoubtedly there are 


14. Hoelzel, F., and Da Costa, E.: Proc. Soc. Exper. Biol. & Med. 29:382, 
1931. 

15. Zucker, T. F.; Berg, B. N., and Zucker, L. M.: J. Nutrition 30:319, 1945. 

16. Saxton, J. A. Jr., and Silberberg, M.: Am. J. Anat. 81:445, 1947. 

17. Dann, W. J., and Darby, W. J.: Physiol. Rev. 25:326, 1945. Seydenstryker, 
V. P.; Schmidt, H. L. Jr., and Hall, W. K.: Proc. Soc. Exper. Biol. & Med. 
64:59, 1947. 

18. Seydenstryker, V. P.; Hall, W. K.; Hock, C. W., and Pund, E. R.: Science 
103:194, 1946. 

19. Totter, J. R., and Day, P. L.: J. Nutrition 24:159, 1942. Albanese, A. A.; 
Randall, R. McT., and Holt, L. E. Jr.: Science 97:312, 1943. Albanese, A. A., 
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many hidden factors exerting their influences. It must be concluded 
that in the rat corneal vascularization is either a nonspecific mechanism 
due to the exaggerated sensitivity of its cornea to nutritional deficiencies 
or that the factors are multiple and/or complex and as yet not under- 
stood, 

Pancreatic Necrosis.—In this series the necrosis of the pancreas 
corresponds to that observed by Friedman and Friedman.*° The 
physiologic significance of the findings was not investigated. 


SUMMARY 
Chemical and morphologic changes observed in rats in consequence 
of the feeding of heated lactalbumin are those of protein deprivation 
and inanition. For a constant temperature these changes are more 
impressive when lactalbumin is autoclaved than when the protein is 


dry heated. 


20. Friedman, S. M., and Friedman, C. L.: Canad. M. A. J. 55:15, 1946 
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F gepuerqns to Starling’s law of the heart, the energy set free 
at each contraction of the heart is a simple function of the length 
of its muscle fibers. The increased energy necessary to expel a 
greater volume of blood per stroke or a normal volume against an ele- 
vated arterial pressure is brought about by lengthening of the fibers 
of the heart. This becomes even more pronounced in the diseased 
heart, in which there is progressive dilatation in an attempt to main- 
tain a normal cardiac output. On the other hand, it is generally agreed 
that cardiac hypertrephy can occur only under conditions in which the 
muscle fibers are stretched or lengthened. How soon, therefore, does 
hypertrophy set in after the heart is exposed to such increased expendi- 
tures of energy? Is there a lag during which the so-called reserve power 
of the heart is utilized to meet the increased demands? 

There are surprisingly few experimental data dealing with these 
questions. While there is a growing realization clinically that cardiac 
hypertrophy may manifest itself relatively early, particularly after such 
a condition with a known onset as traumatic arteriovenous aneurysm, 
there is ample experimental documentation that hypertrophy can occur 
within two, three or more weeks. There have been, however, only few 
studies in which cardiac hypertrophy was sought for and recognized 
in earlier stages. Stewart’ found that cardiac hypertrophy was in 
progress at the end of five days in dogs on whom aortic valvulotomy had 
been performed. He found a distinct, though small, increase in water con- 
tent of the heart in early stages of hypertrophy. Beznak and Hajdu? 
constricted the abdominal portion of the aorta just below the diaphragm 


in rats. They demonstrated hypertrophy of the heart in two days and 
found it to be well pronounced in a week. Heart weights alone were 
used as a criterion of hypertrophy without reference to body weight or 


From the Department of Pathology, University of Illinois College of Medicine. 
1. Stewart, H. A.: J. Exper. Med. 13:187, 1911. 
2. Beznak, M. V., and Hajdu, I.: Schweiz. med. Wchnschr. 76:390, 1946. 
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other standards. In a more recent study these authors * narrowed the 
ascending aorta of the albino rat by means of a silver ring. They found 
that the percentage dry weight and ash content of the heart increased 
during the first days of the hypertrophy, declining later to a normal level. 

The most thorough study to date along these lines is that by Hitch- 
ings, Daus and Wearn.* Weights and chemical analyses of rabbits’ 
hearts were obtained after rupture of an aortic valvular leaflet at intervals 
from one to two hundred and fifty-seven days, with emphasis on the 
third day. Only 4 animals were studied on the first day, 3 on the 
second and 14 on the third day. They concluded that cardiac hyper- 
trophy occurred within the first three days and that it was characterized 
within this period by an increase in the extracellular phase of a magni- 
tude amounting to interstitial edema. To this, they ascribed, in great 
part, the increased weight of the heart. At the same time there was also 
demonstrable an increase in the intracellular phase. After the third day 
the extracellular phase was at no time in excess over that found in the 
normal heart, while the intracellular phase increased progressively for 
several weeks. 

It has been shown® that cardiac hypertrophy can regularly be 
obtained by feeding chicks a diet containing excess sodium chloride. 
It seemed particularly advantageous to test the speed of hypertrophy 
by this means. No operative procedures were necessary. Large num- 
bers of animals could be used under strictly standardized conditions, 
and, as opposed particularly to the experimental production of aortic 
insufficiency or stenosis, this procedure did not entail any possible 
abrupt interference with the coronary circulation. It had the disad- 
vantage that an electrolyte with water-retaining properties was used. It 
was largly for that reason that a twenty-four hour period was chosen 
for intensive study, as it was expected that, following a given period of 
exposure to salt, the induced flux in body water would have become 
stabilized. 

METHODS 

The birds employed in these experiments were female New Hampshires except 
in a few instances in which cockerels of the same breed were used. This will be 
indicated in its appropriate place in the text. The birds were received in the 
laboratory when they were a day old. They were kept in electrically heated 
brooders for twenty-one days and fed a commercial starting chow. They were 
then placed in individual wired cages. They were given a commercial growing 
chow ad libitum for periods of one to six days, varying with different groups, and 
for nine days in experiments lasting four, nine and fifteen to sixteen days, respec- 


3 Hajdu, I, and Beznak, M. V.: Arch. Biol. Hungarica 17:213, 1947; 
abstracted, Excerpta med. (Sect. 5) 1:284, 1948. 

4. Hitchings, G. H.; Daus, M. A., and Wearn, J. T,: Am. J. Physiol. 138: 
527, 1943. 


5. Krakower, C. A., and Heino, H. E.: Arch. Path. 44:143, 1947. 
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tively. Thereafter they were restricted to 23.5 Gm. of food daily for periods 
varying from less than a day to eight days. At the onset of the experiment 
control birds were given 23.5 Gm. of food and the experimental animals 23.5 Gm. 
of food plus 1.5 Gm. of sodium chloride. The food was set out at 9 a. m., and a 
measured Quantity of tap water was supplied. All food and water were withdrawn 
at 6 p. m. of the same day for experiments of twenty-four hours’ duration or the 
evening prior to the day on which the animals were to be killed for experiments 
of longer duration. The same amount of food with or without sodium chloride 
was supplied daily to the birds in experiments lasting two and three days, but 
thereafter the daily regimen was changed in the following progressive fashion: 
for controls, 23.5 Gm. of food and 6.5 Gm. of celluflour® (a specially treated 
cellulose, used as roughage) followed by an increase of 5 Gm. of celluflour® every 
three days; for experimental animals, 23.5 Gm. of food and 4.7 Gm. of celluflour® 
and 1.8 Gm. of sodium chloride, followed by an increase of 4.7 Gm. of celluflour® 
and 0.3 Gm. of sodium chloride every three days. 

In the groups of birds used for the determination of intracellular and extra- 
cellular phase in heart and muscle, a slightly different procedure was followed. 
\fter removal from the brooders on the twenty-first day, they were fed the growing 
chow ad libitum for fourteen days. Thereafter they were restricted to 30 Gm. 
of food daily for eleven and thirteen days for subsequent experiments that were 
to last one and three days, respectively. On the day the experiment was started, 
the control animals continued to receive 30 Gm. of food while the experimental 
ones were given 28.2 Gm. of food and 1.8 Gm. of sodium chloride. For the 
experimental period lasting sixteen days, the same amounts of food or the same 
proportions of food and sodium chloride were given the birds daily, but this 
regimen was started immediately after the fourteen day period of food ad libitum. 
Food and water were withdrawn at 6 p. m. on the day preceding the one on which 
the animals were to be killed. 

Cardiac Weights—The animals were weighed immediately prior to killing. 
With the bird under light chloroform anesthesia, the thorax was rapidly opened, 
and a large aortic branch was severed. The bird was allowed to die by exsan- 
guination. The heart was rapidly removed, the aorta being severed at the level 
of origin of the large trunks in all instances. The chambers of the heart were 
rapidly opened, and all surfaces were blotted with filter paper. The heart was 
rapidly transferred to a previously weighed bottle. After weighing, the heart 
was either minced first and then chilled or, in reverse, it was chilled first and 
then minced. The minced hearts were transferred as completely as possible into 
previously weighed and chemically cleaned glass fiber bags. These were reweighed 
and placed in desiccators over calcium chloride. The desiccators were connected 
to a vacuum jet. Constant dry weights were obtained within two weeks. The 
glass fiber bags were then placed in a Soxhlet apparatus. Fat was extracted with 
anhydrous ethyl ether continuously for eight hours in each of two days, a total 
of sixteen hours, but the bags and contents were left immersed in ether for the 
intervening and following nights. They were then placed in a desiccator under 
vacuum overnight and subsequently weighed. 

Carcass W'eights—When the carcass of the animal was saved, the following 
procedure was adopted: With the bird under light chloroform anesthesia, the 
thorax was opened, and as much blood as possible was withdrawn from the heart 
by means of a syringe and needle. The blood was transferred to a test tube and 
allowed to clot. The heart was then removed and treated in the manner described 
in the foregoing paragraph. Care was taken throughout the whole of the pro- 


cedure to prevent loss of feathers and excessive evaporation from the exposed 
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portions of the carcass and to minimize loss of blood. The clot in the test tube 
and whatever clots were found in the heart were returned to the carcass. The 
latter was weighed, wrapped in wax paper and then stored in a cold room at 
0 Centigrade. It was subsequently ground to a fine powder in a cast iron mortar 
with a porcelain pestle. Liquid air was used to keep the carcass solidly frozen 
during the process of grinding. On warming, the powdery material formed a 
mash which was thoroughly mixed in a previously weighed container. The whole 
mash was then weighed and, with precautions against evaporation being observed, 
aliquot samples were removed and placed in weighed glass fiber bags. After 
weighing, extractions of water and fat were performed in the same manner as 
with the hearts. 


Cardiac Nitrogen—In determining nitrogen on the fat-free dried material of 
the heart and carcass a semimicro-Kjeldah! method was used with the modification 
made by Ma and Zuazaga® for amounts of material greater than that ordinarily 
allowed for strict micromethods. The distillation of ammonia was performed in 
Pregl’s micro-Kjeldahl apparatus as modified by Goebel.? 

Cardiac Glycogen.—The glycogen content of the heart was determined by the 
method of Good, Kramer and Somogyi*® except that 1 normal sulfuric acid was 
used instead of 0.6 normal hydrochloric acid, as suggested by Sahyun.* The 
glucose of the digest was determined colorimetrically by Benedict's copper method.'” 

In preparing the, heart for estimation of glycogen content, the an'mal was 
anesthetized with ether. The thorax was opened and the heart was rapidly 
removed. It was blotted and immediately immersed in postassium hydroxide. 

Intracellular and Extracellular Phase of Heart and Skeletal Muscle—The birds 
were lightly anesthetized with ether. The thorax was rapidly opened. Blood was 
withdrawn from the heart and allowed to clot under oil. One of the large aortic 
branches was then severed to complete the exsanguination of the animal. The 
heart was rapidly removed. The aorta and the pulmonary arteries were dissected 
away, and all visible epicardial fat was trimmed. The chambers were opened, 
and all surfaces of the heart were blotted free of blood. The anterior and lateral 
muscles of the thigh were carefully trimmed of fat and fascia. Both heart and 
muscle were placed in weighing bottles, chilled and minced. The serum obtained 
from the clotted blood under oil was measured with a 1 cc. volumetric pipet into 
weighing bottles which had been dried in the oven at 100 C. for forty-eight hours. 

The procedure of Eichelberger and Bibler'! was followed in the drying and 
defatting of serum, heart and skeletal muscle. Serum and tissue chloride were 
determined in duplicate by the wet ashing method of Van Slyke.'* For tissue 
chlorides the procedure was modified as suggested by Eichelberger '* in the fol- 
lowing manner 100 mg. of the powdered tissue was weighed on highly glazed 
paper and transferred quantitatively to a digestion tube; 5 cc. of water and 1 cc. 
of 0.075 normal silver nitrate were added. The mixture was allowed to stand 


6. Ma, T. S., and Zuazaga, G.: Indust. & Engin. Chem. (Anal. Ed.) 14:280, 
1942. 

7. Peters, J. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry : 
Methods, Baltimore, Williams & Wilkins Company, 1932. 
8. Good, C. A.; Kramer, H., and Somogyi, M.: J. Biol. Chem. 100:485, 1933 
9. Sahyun, M.: J. Biol. Chem. 93:227, 1931. 

Benedict, S. R.: J. Biol. Chem. 92:141, 1931. 
11. Eichelberger, L., and Bibler, W. G.: J. Biol. Chem. 132:645 
12. Van Slyke, D. D.: J. Biol. Chem. 58:523, 1923. 


2 


3. Eichelberger, L.: Personal ‘communication to the authors. 
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overnight. Four cubic centimeters of concentrated nitric acid was added and 
the material allowed to digest. 

All calculations were based on the equations outlined by Hastings and Eichel- 
berger '* except that the amount of detectable blood in heart or muscle was so 
small that for all intents and purposes it was negligible. The results were there- 
fore expressed on a fat-free basis. 

Potassium determinations were performed on fat-free dry heart and skeletal 
muscle by the method of Shohl and Bennett.!° Owing to the limited amount of 
fat-free dried cardiac material, it was necessary to pool some of the hearts in 
instances. 

OBSERVATIONS AND RESULTS 


Water and Sodium Chloride Intake in Twenty-Four Hour Experiments.—The 
animals were exposed to food and water for a nine hour period on the day prior 
to killing. In practically all instances their intake of food had been restricted for 
several days. The amount of food was just adequate to maintain a slow rate of 
growth, capable at this age of producing a maximum body weight of 500 to 600 Gm. 


TasLe 1.—Cardiac Weights and Ratios of One Day Experiment 


Control Experimental 
Animals . osees 32 33 
Body weight, Gm........... 286.7 + 25.7 288.5 + 25.9 
Wet heart weight, Gm............ ‘n 1.677 + 0.159 1.828 + 0.189 
Dry heart weight, Gm. 0.449 + 0.054 @.AT7 + 0.062 


Fat-free dry heart weight, Gm 2s 0.298 + 0.029 0.315 + 0.029 
Wet heart weight, per cent banine 0.586 + 0.049 0.686 + 0.063 
Body weight se SEm 0.009 SEm 0.011 P< Ol 
Fat-free dry heart weight, per cent....... 17.468 + 0.723 17.010 + 0.885 


Wet heart weight. ; was oe , SEm 0.134 SEm 0.154 6>P> 0 
Total fat-free solids of heart, per cent.... 19.283 + 0.789 .732 + 0.890 

Fat-free wet weight of heart....... ° SEm 0.147 SE 16 P< 01 
Total water of heart, per cent..... 80.717 + 0.789 . 

Fat-free wet weight of heart.. ‘ as SEm 0.147 SEm 0.162 P< #1 


The values for P were obtained from Fisher’s tables and were calculated from the 
standard error of the mean, signified by SEm. Values for P less than 0.05 are considered 
to be statistically significant 


over a period of weeks. The object of this was to obtain, as far as possible, 
animals of uniform weight. As a result of such caloric restriction, most of the 
birds consumed the food given them within three to five hours. On the assumption 
that the content of sodium chloride in the chick feed was 0.5 per cent, the control 
birds on the average consumed 0.4 Gm. of sodium chloride per kilogram of body 
weight, while the experimental ones consumed 5.5 Gm. per kilogram. The con- 
sumption of water during the nine hours was 295+150 cc. per kilogram of body 
weight per bird for 32 control animals and 669+119 cc. per kilogram of body 
weight per bird for 33 experimental birds. 

Cardiac Weights in Twenty-Four Hour Experiment.—Table 1 represents a 
composite of four sets of experiments performed at different times and with 
parallel results each time. The average body weights of control and experimental 
animals were almost identical. Despite this, it is evident that the heart weights 
of the experimental animals were appreciably heavier than the control weights, 
with a highly significant statistical difference in the wet heart weight-body weight 
ratios. Numerically the ratio for the experimental birds was 8.4 per cent greater 
than the control ratio. In addition it will be noted that both the dry heart weights 


14. Hastings, A. B., and Eichelberger, L.: J. Biol. Chem. 117:73, 1937. 
15. Shohl, A. T., and Bennett, H. B.: J. Biol. Chem. 78:643, 1928. 
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and, more significantly, the dry fat-free heart weights of the experimental animals 
were greater than the controls. It is clear, however, in view of the reduced 
percentage of fat-free solid substance of the experimental whole wet or fat-free wet 
hearts, as well as of the percentage of total water, that there was a statistically 
significant increase in the amount of water in these hearts. It was for this reason 
that water partition in heart and, for comparison, that of skeletal muscle were 
studied in accordance with the procedure of Hastings and Ejichelberger.'+ 
Intracellular and Extracellular Phase of Heart and Skeletal Muscle—From 
table 2 it will be noted that in the first group of animals, on a one day experiment, 
the extracellular fluid of the hearts of the experimental animals exceeded that 
of the controls by 8.9 per cent. This is an appreciable increase. Nevertheless, if 
one compares it with the findings in skeletal muscle, one finds that there, too, 


Taste 2.—E-xtracellular and Intracellular Water of Heart and Skeletal Muscle 


Group 1. One Day Experiment (6 Control and 6 Experimenta! Animals) 
H20, CilmM, 
Gm. per Kg.* per Kg.t Fel} (H.Oje § 
Serum.. Control 
Experimental! 
Skeletal muscle Control 
Experimental 
Heart Control 827 
Experimental 829. 
Group 2. Control, 1 Day, 3 Day nnd 16 Da 
Serum........ -. Control 
1 day experiment 
3 day experiment 
16 day experiment 
Skeletal muscle Control 
1 day experiment 
3 day experiment 
16 day experiment 
Heart.. . Control 
1 day experiment 
3 day experiment 
16 day experiment 


~ 
= 
oe 
_ 


502+ 90  T828+4.0 
65.6 + 10.3 776.7 + 8.4 
166.5 + 18.4 795.6 + 7.5 
180.3 + 21.3 794.5 + 8.3 
verimen nimals in Each Subgroup) 
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* The total water is expressed in grams per kilogram of fat-free material. 

+ ClmM is chloride expressed in millimols per kilogram of fat-free material. 

? Fel is the extracellular fluid expressed in grams per kilogram of fat-free tissue. 

§ (HeO)e is intracellular water expressed in grams per kilogram of fat-free intracellular phase. 


there was a marked increase in extracellular fluid in the experimental animals, 
amounting to 10.8 per cent. This finding in skeletal muscle, therefore, reflects 
the more generalized increase of fluid in the extracellular spaces of the body, in 
which the heart shared. At the same time it will be noted that the concentration 
of water in the intracellular phase decreased. Actually, as calculated, there was 
an absolute increase in the amount of intracellular water in the experimental 
hearts. The following figures will help to clarify this. The average values for 
the 6 control animals for body weight, wet heart weight, wet heart weight-body 
weight ratio and fat-free wet heart weight were: 427.8+35.4 Gm.; 1.856+0.247 
Gm.; 0.432+0.029, and 1,781+0.235 Gm., respectively. For the 6 experimental 
animals the values were: 398.6+39.8 Gm.; 2.146+0.243 Gm.; 0.541+0.07 and 
2.087+0.239 Gm., respectively. The total amount of intracellular water of the 
control hearts was on the average 1.182 Gm., with a fat-free solid substance of 
0.306 Gm., and that of the experimental hearts was 1.357 Gm. and 0.385 Gm., 
respectively ; i. e., despite a smaller body mass, the experimental animals had hearts 
which on a heart weight-body weight ratio were 25 per cent heavier. Although 
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a good deal of this was due to increase of extracellular fluid, there was never- 
theless almost an equal percentage increase in the total amount of intracellular 
water and a greater percentage increase in fat-free solid substance. 

That there was, however, variation in the amount of extracellular fluid of 
the heart in groups of animals aside from that in animals within each group is 
borne out by the findings in group 2. It will be noted here that there was no 
increase during the first day, while there was a progressive drop during the 
third and sixteenth days. The values for skeletal muscle likewise reflected the 
absence of edema. On the other hand, the intracellular concentration of water 
was increased over that of the controls in all three experimental periods. The 
average values for the control animals for body weight, wet heart weight, wet 
heart weight-body weight ratio, fat-free wet heart weight and total fat-free solids 
were: 449+49.8 Gm.; 1.806+0.268 Gm.; 0.403+0.048; 1.712+0.256 Gm., and 
(0.283 Gm., respectively. For the one day experimental animals the values were 
431.2+18.2 Gm.; 1.858+0.144 Gm.; 0.432+0.039; 1.758+0.148 Gm., and 0.284 Gm. 
The increase in wet heart-body weight ratio was 7.1 per cent, in keeping with 
the general average of the large group exemplified in table 1. While there was 
little increase in the fat-free solid substance of the hearts of the lighter experi- 
mental animals, this rose rapidly to 0.309 Gm. on the third experimental day, 
when body weight was 443+31.5 Gm., wet heart weight 1.976+0.323 Gm., fat-free 
wet heart weight 1.895+0.306 Gm. and wet heart weight-body weight ratio 
0.446+0.067, an increase of 10.7 per cent over the controls. On the sixteenth 
experimental day the fat-free solid substance had risen to 0.364 Gm. in animals 
with body weight of 466.2+37.1 Gm., wet heart weight of 2.276+0.348 Gm., 
fat-free wet heart weight of 2.187+0.347 Gm. and wet heart weight-body weight 
ratio of 0.490+0.081, or an increase of 21.5 per cent over that of the controls. 

The increase in solid substance of the experimental hearts was represented not 
only by an increase in nitrogen (see table 3) but by an increase in potassium as 
well. The values for the control one day, three day and sixteen day experimental 
hearts of group 2 were as follows: 76.06; 76.18; 77.41, and 79.11 milliequivalents 
(mEq.) per kilogram of fat-free dry substance, respectively. While in the hearts, 
therefore, there was an increasing amount of potassium during the period of 
hypertrophy, skeletal muscle revealed no such increase; in fact, the values of 
skeletal potassium were at all times lower than the controls—as indicated by the 
following figures: 89.23; 85.03; 86.81, and 85.70 mEq. per kilogram of fat-free 
dry substance for control, one day, three day and sixteen day experimental birds, 
respectively 

In summary, it seems evident from these results that on the average there is a 
constant increase in intracellular water in the experimental hearts in early hyper- 
trophy. . This is to be regarded as an integral part of cardiac hypertrophy. The 
extracellular fluid phase, however, is far more labile and may be either more or 
less proportionate to the increased mass of the heart or, if greater than that, 
reflective rather of a disturbance in the total elimination of excessive fluid than 
of cardiac hypertrophy. 

Comparison of Heart and Carcass Weights in Twenty-Four Hour Experiment.— 
Changes in cardiac mass should be appropriately evaluated by reference to some 
standard. It would have been preferable to use the surface area of the body for 
such a standard, but with the feathered animal this was not feasible. It was felt 
that if body weight was used as a point of reference the whole carcass should be 
treated in the same manner as the heart. In table 3 the relationship between heart 
and carcass values is represented for 7 control and 8 experimental animals. It 
will be noted that the same statistically significant increase of wet heart-whole 
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body weight ratio is maintained in the experimental animals as compared with the 
controls, whether the ratio is determined as dry heart weight: dry carcass weight; 
fat-free dry heart weight: fat-free dry carcass weight, or fat-free wet heart 
weight : fat-free wet carcass weight. It is also true that with increase of fat-free 
solid substance of the experimental hearts there is increase of total nitrogen in 
these hearts and in the ratio of the total nitrogen of the heart to that of the carcass. 

Glycogen Content af Heart in Twenty-Four Hour Experiment.—There was con- 
siderable individual variation in the glycogen content of the heart. For 9 control 
animals, including 2 cockerels, there was on the average 109.7 mg. of glycogen per 
hundred grams of wet heart, with a range of 46.4 to 218.8 mg., whereas for 10 
experimental animals, including 2 cockerels, there was 110.7 mg. of glycogen per 
hundred grams of wet heart, with a range of 59.2 to 195.0 mg. There was, there- 
fore, on the whole, no appreciable increase in the glycogen content of the experi- 
mental hearts. 


Taste 3.—Comparison of Heart and Carcass Weights of One Day Experiment 





Total Water 
Fat- Free Fat-Free Total per 100 Gm. of 
Wet Weight, Dry Weight, Dry Weight, Wet Weight, Nitrogen, Fat-Free 
Gm. Gm. Gm. Gm. Gm. Wet Tissue 
Control Animals 
Carcass... , 291.1 + 22.2 95.5 + 3.9 76.0 + 7.0 271.6 + 224 9.24 + 0.50 a R 
SEm 0.2 
Heart.. 1.686 + 0.074 0.462 + 0.053 =: 0.290 + 0.012 1514+ 0.071 0.088 +'0.002 80.826 + 0.685 
SEm 0.259 
Heart, per cent of 0581+ 0,088 0.486 + 0.059 0.354 + 0.087 0.559 + 0.085 0.414 + 0.035 
Carcass... , ‘ . SEm 0.014 SEm 0.022 SEm 0.014 SEm 0.013 SEm 0.015 


Experimental Animals 


Carcass. 291.9 + 14.2 91.7 + 8.0 76.2 + 4.6 276.5 + 14.7 ’ + 0.69 24 +17 
SEm 0.6- 
6>P>5 

Heart 1917 + 0.142 0.480 + 0.054 0.330 + 0.029 1.758+ 0.143 0.043 + 0,003 $1.219 + 0.871 

SEm 0.308 - 

i>Po>s 

Heart, per cent of 0.658 + 0,063 0.539 + 0.099 0.435 + 0.052 0.6387 + 0.056 0.478 + 0.058 

Carcass SEm 0.022 SEm 0.035 SEm 0.018 SEm 0.019 SE, 0.020 

2>P> 0 6>P>2 06>P> P< #1 o>P> .m 


SEm means standard error of the mean. Values of P less than 0.05 are considered statistically significant 


Size of Muscle Fiber of the Hearts in Twenty-Four Hour Experiment.—It was 
not expected that the relatively small gross increase of mass of muscle substance 
of the heart at the end of a twenty-four hour experiment, when distributed over 
most or all of its muscle fibers, would manifest itself by an increase in the thick- 
ness of a muscle fiber at any one point as measured by an ocular micrometer. This 
was borne out when 100 muscle fibers of each of 2 control and 2 experimental 





hearts were- measured. The average thickness of the muscle fibers was 4.1+1.0 
microns and 4.8+1.1 microns, respectively, for the 2 control hearts and 4.10.9 
microns and 4.8+1.1 microns, respectively, for the experimental hearts. 

Degree of Cardiac Hypertrophy Within Experimental Periods of from Two 
Days to Sixteen Days—The results obtained in following the degree of hyper- 
trophy of the heart under a salt regimen beyond the first day are listed in table 4. 
It will be noted that, except for the four day period, in all instances the experi- 
mental wet heart weight-body weight ratio was statistically higher than the control 
ratio. While the percentage increase in the experimental ratio was not steadily 
progressive in the manner of a growth curve, nevertheless, a fairly stable degree 
of maximal cardiac hypertrophy was reached under these experimental conditions 
within nine days. 
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Although in almost every instance the dry weight of the heart expressed as a 


percentage of its wet weight was less in the experiments, the differences were not 


statistically significant with two exceptions. 


In one of these exceptions, when 


fat-free values were obtained, the fat-free substance of the heart expressed as a 
percentage of its fat-free wet weight, although less than that of the control, was, 


none the less, of no statistical significance. 


TasLe 4.—Heart Weights and Degrees of Hypertrophy During 
Periods of Two to Sixteen Days 


> ayes 
Experimental... 


Control....... 
Experimental. 


Control........ 
Experimental.. 


Control.. 
Experimental.. 


oo ae 
Experimental... 


Control.. - 
Experimental.. 


Control.. ea 
Experimental.. 


Control.. 
Experimental.. 


Comtrel ¢...... 
Experimental ¢ 


This indicates that the increase 


Experimental 


in 





Wet Heart 
Weight, 
Gm. 
588 + 0.227 
936 + 0.491 


Body Weight, 
Days Animals Gm. 


2 263.7 + 28.5 
10 25 + 36.7 


576 + 0.179 
.758 + 0.198 


+ 0.079 
+ 0.174 


+ 0.086 
+ 0.471 


+ 0.067 
+ 0.123 


3 + 0.102 
3+ 0.489 


+ 0.139 
+ 0.481 


Wet Heart 
Weight, 
Body Weight, 
per Cent 


0.602 + 0.051 
0.746 + 0.138 
P< 0 
23.9% increase 
over controls 
0.626 + 0.042 
0.684 + 0.045 
P< Ol 
9.2% increase 
over controls 
0.674 + 0.047 
0.727 + 0.057 
2>P>.1 
7.9% increase 
over controls 
0.608 + 0.051 
0.716 + 0.085 
P< #1 
17.7% increase 
over controls 
0.627 + 0.040 
0.699 + 0.049 
06> P> 
11.7% increase 
over controis 
0.597 + 0.024 
0.762 + 0.061 
P< Ol 
27.5% increase 
over controls 
0.590 + 0.040 
0.739 + 0.059 
P< 01 
25.2% increase 
over controls 
0.584 + 0.034 
0.713 + 0.109 
0 > P > .02 
22.2% increase 
over controls 
0.575 + 0.074 
0.804 + 0.142 
P< 0 
39.9% increase 
over controls 


Dry Heart 
Weight, 
Wet Heart 
Weight, 
per Cent 
26.219 + 1.392 
25.083 + 1.111 
1>P> 06 


significance 


26.499 + 2.267 
24.106 + 1.740 
I>P> .0 


25.869 + 1.956 
22.765 + 2.368 


23.185 
20.516 


06 > 
22.469 


21.499 


19.975 + 1.154 
9>P>38 


Fat-Free 


Dry Heart Wt., 


Fat-Free 


Wet Heart Wt., 


per Cent * 


18.864 + 0.626* 
18.388 + 0.339° 


19.018 + 0.539 
1.25 


1 


18.450 + 
P> 8 


9> 





* The values were obtained on 6 birds. 
+ The birds were cockerels. 


cardiac mass is a valid one, bearing with it not only an increase 


but also an increase in the solid or fat-free solid substance. 


COMMENT 


in total water 


The data presented appear to prove in convincing fashion that, fol- 


lowing a nine hour exposure to a high salt diet, the animals had hyper- 


trophying hearts when examined at the end of twenty-four hours. 


This 


— 


OS Sete aa ay 


by 








484 ARCHIVES OF PATHOLOGY 


is indicated by the statistically significant higher wet heart weight—body 
weight ratio, as well as by the dry, the fat-free dry and the fat-free wet 
weight ratio of heart to carcass. There is an increase in the total nitro- 
gen of the experimental hearts and in the ratio of total nitrogen of 
heart to total nitrogen of carcass. There seems to be little doubt that 
within the short period of twenty-four hours there had been an increase 
in the protoplasmic substance of the cardiac muscle fibers. Although 
there was in general a significant increase in the total amount of water 
of the heart, from our data this increase would appear to be pre- 
dominantly intracellular. It has long been known that exercised striate 
muscle takes up water, and Loeb ** assumed that it was due to increased 
osmotic pressure leading to absorption of water within the muscle fibers. 
The volume of muscle fiber was thereby increased and this was followed 
(or accompanied) by deposition of new material. This would appear 
to be the case in the present experiments. The interstitial edema of the 
hearts noted by Hitchings and associates,‘ which abruptly disappeared 
after the third day, may well have been due in great part to disturbances 
of coronary circulation resulting from the experimental aortic insuf- 
ficiency. 

Although the volume output of the heart of the experimental animals 
was not directly determined, there is reason to believe that the mecha- 
nism underlying hypertrophy in these experiments consists of dilatation 
of the cardiac chamber with probably an increased output per stroke. 
It has been our experience with hypertrophy of the heart in birds 
whose high salt intake was of longer standing that the chambers of the 
heart were considerably dilated. This was observed when the heart 
was exposed under anesthesia while still beating actively and also after 
removal; the chambers were larger than those of the controls, and their 
walls were hypertrophied. In the course of the present experiments, 
attempts were made to detect such dilatation of the chambers of the heart 
by means of roentgenograms. It was found that it was impossible to out- 
line the shadow of the chick’s heart on a roentgenogram. Under the fluoro- 
scopic screen, however, Dr. Roger A. Harvey, of the department of radio- 
logy, was able to determine roughly the transverse cardiac diameter when 
guided by the rapid flicker of the pulsations of the heart. It was found 
that the transverse cardiac diameter of a group of animals at 2 p.m. on 
the day before the experiment varied from 1.8 to 2.1 cm., whereas at 
2 p.m. on the first day of the experiment the cardiac diameters of the 
same birds varied from 2.2 to 2.5 cm., an approximate increase of 
19 per cent. Electrocardiographic tracings were obtained by Dr. Irwin 
R. Callen at the same time. There was little difference in the tracings 
on the day of the experiment as contrasted with those of the control 
period except for a change in voltage in a few instances in which either 


16. Loeb, J.: Arch. f. d. ges. Physiol. 56:270, 1894. 
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the T wave or all complexes were lower on the day salt was administered. 
The cardiac rate in the preexperimental period was on the average 438 
beats per minute, while in the afternoon of the experimental day 
it averaged 422 beats per minute. There was evidently little change in 
heart rate following the administration of salt. In view of the apparent 
cardiac dilatation observed fluoroscopically, it might be implied that with 
nearly complete emptying of the chambers there was an increase in 
cardiac output per beat. 

There are two inferences that can be drawn from the observations 
that substantial cardiac hypertrophy can be demonstrated at the end of 
twenty-four hours after a brief intake of a high salt diet. The first of 
these is that cardiac hypertrophy cannot be a delayed process. Nor 
is it one that is in any way concerned with cardiac reserve. It repre- 
sents rather an immediate response to Starling’s law of increased output 
of energy of the heart; i.e., as soon as the cardiac muscle fibers are 
stretched or lengthened beyond their customary or physiologic range, 
the mechanism of hypertrophy is set into play. The second inference 
is that since brief periods of increased output of energy of the heart per 
stroke must be common in daily life and with it variations in the amount 
and the duration of such increases, cardiac mass is not stable but in a 
state of flux. There are probably periods of increase in cardiac mass, 
albeit small, as well as, undoubtedly, of regression toward the norm 
whenever the energy output of the heart returns to normal. 

The present observations also emphasize the fact that a heavy load 
imposed on an otherwise sound heart with no disturbance of the coro- 
nary circulation will lead to a limited degree of hypertrophy, the maximal 
peak of which is reached in a matter of a few days. Aside from that 
due to the load (i. e., the degree of hypertension or of valvular stenosis 
or insufficiency), greater degrees of hypertrophy, with or without a 
slower rate of appearance and attainment of a maximum, are to some 
extent experimentally but particularly clinically in a great part dependent 
on myocardial damage or incompetence. This in the main is due to 
the direct effect of the disease process on the myocardium and/or the 
indirect effect of disturbances of coronary circulation. That there is, 
however, individual variation in the ability of the myocardium to handle 
a given load is indicated by our repeated observations that degrees 
of hypertrophy of 50 to 100 per cent or more above the normal may be 
obtained in animals fed a high salt diet either during the time when they 
are rapidly growing or, in older animals, in the presence of apparent 
myocardial failure with persistent ascites. 


SUMMARY AND CONCLUSIONS 


Chicks standardized as to breed, age, sex and body weight were 
fed a 6 per cent sodium chloride food mixture over a period of nine 
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hours. Observations were made on changes of cardiac mass at the 
end of twenty-four hours. The progress of cardiac hypertrophy was 
studied also over a fifteen to sixteen day period. 

It is concluded from these observations that (1) a substantial 
degree of cardiac hypertrophy, 7 per cent or more above the normal 
weight, can be demonstrated repeatedly within a twenty-four hour 
period. The inference to be drawn from this is that cardiac hyper- 
trophy is neither a delayed response to increased work of the heart 
per stroke, nor one that is concerned with cardiac reserve, but is an 
immediate response to the increased output of energy. It would fol- 
low from this that cardiac mass in the normal individual is not stable 
or fixed but fluctuates with shifts in the work of the heart per beat 
beyond that which is customary for the individual. (2) For any particu- 
lar load in the presence of a sound myocardium and in the absence of any 


condition interfering with the coronary circulation the maximum degree 


of hypertrophy is reached within a few days. 





CARTILAGE IN THE KIDNEY 
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ROM the few reports in the literature one might suppose that 

the finding of cartilage in the kidneys is of rare occurrence. No 
reports were found in the American literature and only a few in the 
German. 

Schaffer * in 1897 reported his examination of an 8 month, dead 
fetus. Besides various malformations of other organs there was 
absence of the left kidney. The right kidney was cystic and itwice 
the normal size. It contained abortive renal structures, striated and 
smooth muscle, islands of cartilage and epithelial elements which he 
considered malformations and not neoplasm. Busse? in 1904 found 
three small islands of hyaline cartilage with primary cartilage cells 
in a cystic kidney. Borrmann®* in 1913 described a cystic kidney with 
underdeveloped glomeruli, fetal connective tissue, smooth muscle and 
cartilage. Ruckert,* Meyer,® Nathanson,* Berner* and Staemmler * 
have also reported the presence of cartilage in polycystic kidneys. The 
cartilage was present in the renal capsule, beneath the capsule or 
deeper in the cortex. 

In 1930, while studying the microscopic sections of a hypoplastic 
kidney, we observed islands of cartilage. Since that time we have 
encountered cartilage in 14 kidneys, all of which were hypoplastic. 
In only a few hypoplastic kidneys was cartilage not present. These 


From the Children’s Memorial Hospital and the Ortho S. A. Sprague 
Memorial Institute Laboratories. 
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cartilage islands have never been found in the normal kidney. There 
has been no relation to infection. In some specimens large cysts were 
present, while in others there was cystic dilatation of the tubules. 
From moderate to severe disorganization of the renal elements, such 
as is usually found in the hypoplastic kidney, was present in all but 
one specimen. The greater the hypoplasia the greater the amount of 
connective tissue present. In only 1 instance have we found a miniature 
kidney which was approximately normal in its formation with normal 
structure other than the presence of islands of cartilage. The finding 
of cartilage has been so consistent in even routine sections that we 
believe it might well be found in nearly all hypoplastic kidneys with 
diligent search. The islands vary from small to large, are not seen 
grossly and from one to eight have been observed in one microscopic 
section. From this it may be assumed that many islands might be 
present in the whole specimen. 

The ages of our patients varied from 4 days to 12 years. We have 


had no opportunity to examine kidneys of adults, but the same findings 


should prevail. 
The 7 cases reported here are typical. Only the kidneys will be 
described. 
REPORT OF CASES 


Case 1.—The patient was a white boy aged 4 days. The right kidney and ureter 
were hypoplastic. The ureter was small and appeared not patent. The kidney was 
a nodular mass of reddish gray tissue 1 cm. long and 0.5 cm. in thickness. 

The left kidney was moderately enlarged. The renal pelvis was enlarged, and 
the ureter was dilated and tortuous. The bladder likewise was enlarged and 
hypertrophied. The right ureter entered a small diverticulum and there was 
another diverticulum in front of the left ureterab orifice. In the posterior part of 
the urethra an iris diaphragm was present. 

Microscopic examination of serial sections of the right ureter showed it to be 
small, but patent, with no evident opening into the bladder diverticulum. In the 
kidney there was evident hypoplasia with widespread fibrosis, marked dilatation 
and irregularity of the tubules, which were few and showed varying degrees 
of degeneration. Most of the glomeruli showed partial hyalinization; only a few 
appeared normal. In one section two areas of cartilage were present, one in the 
capsule and the other just beneath the capsule. The cells were small and fairly 
closely packed together, with less matrix than usual. 

In the left kidney there was pyelonephritis, and in the left ureter and bladder 
there was acute suppurative infection. 

\ postmortem blood culture revealed hemolyzing Staphylococcus aureus in 
pure growth. Cultures of the urine and of pustular lesions of the skin made before 
death revealed hemolytic Staph. aureus and hemolytic streptococci. 

No other congenital anomalies were present. 


Case 2.—A 6 day old white girl had a hypoplastic left kidney, measuring 1 by 
0.5 cm. It was gray-red and appeared nodular because of the presence of many 
small cysts. The left ureter was made up of only a few fibrous strands. 
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The right kidney was about two-thirds normal size, weighing 10 Gm. it was 
irregular in outline, and there was a fairly widespread hemorrhagic suppurative 
necrosis. The renal pelvis and ureter showed only hyperemia of the mucosa. 

The bladder was normal except for absence of the left ureteral orifice. 

On microscopic examination of the right kidney there was widespread, 
marked erythrocytic and leukocytic infiltration, with well defined abscesses, 
especially at the upper and lower poles. No normal glomeruli were present, and 
the tubules showed varying degrees of degeneration and inflammatory changes. 


Fig. 1 (case 1).—Two islands of cartilage, one in the capsule and one at the 
inner margin of the capsule (x 85). 

Fig. 2 (case 4).—Five cartilage islands in one section. Note connective 
tissue, cystic dilatation of tubules and leukocytic infiltration (x 35). 


In the left kidney there was marked fibrosis of the parenchyma, with moderate 
fibrosis of the blood vessels; only a few widely scattered glomeruli were present, 
and they showed varying degrees of sclerosis and atrophy. The cysts were dilated 
tubules, which were numerous and irregular in outline. No normal tubules were 
present. There were a few focal areas of hemorrhage, and there was widespread 
round cell infiltration. The capsule was fibrotic and thickened. In one section 
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there was one small area of cartilage beneath the capsule. It was made up of 
closely packed small cartilage cells. : 

No other congenital anomalies were present. 

Case 3.—In a white girl aged 5 months, the left kidney was larger than normal, 
weighing 40 Gm. The left ureter was normal. 

The right kidney was a red-gray nodular mass containing two cysts. It 
weighed 5 Gm. and measured 1 by 0.5 by 0.5 cm. The renal pelvis and ureter were 
fibrous, and the ureter did not reach the bladder. No renal artery or vein was 
present. 

Microscopically the left kidney showed only intense hyperemia and moderate 
enlargement of the glomeruli. 

The right kidney had a very thick capsule. There was more connective than 
renal tissue. All the tubules showed cystic dilatation and degenerative changes 
and were lined with low epithelial cells. Only a few glomeruli were present, 
all with varying degrees of sclerosis, none being normal. In two sections there 
was a small area of cartilage with a thick capsule and closely packed small cells. 

No other congenital anomalies were present. 

Case 4—A white boy 11 weeks of age had a small right kidney containing 
many small cysts and measuring 3 by 2.5 by 1 cm. The capsule did not strip. 
On section the kidney was composed of homogeneous tissue and the cortex and 
the medulla could not be differentiated. The pelvis was markedly distended with 
urine. The ureter was large and tortuous. 

The left kidney was small, like the right. On section there were several small 
cysts and the cortex and the medulla could be differentiated. The pelvis and 
ureter were moderately dilated. 

The urinary bladder was contracted and thick walled. In the membranous 
portion of the urethra there was a valve formed by folds of the mucosa originating 
at the colliculus. 

Microscopic examination was carried out on one kidney only. There was 
extensive, widespread fibrosis with large and small cystic dilatations of the tubules. 
Few glomeruli were seen, and those present were hypertrophied. There were focal 
regions of round cell infiltration. The blood vessels showed varying degrees of 
fibrosis. Multiple islands of cartilage were seen, with eight islands in one section 
alone. These islands were scattered widely throughout the renal tissue. 

The only other anomalies present were a three-lobed left and a four-lobed 
right lung and an accessory spleen. 


Case 5.—The patient was a white girl 10 years of age. The right kidney was 
normal, weighing 125 Gm. 

The left kidney was small, measuring 4 by 2.5 by 1.5 cm. and weighing 10 Gm. 
The surface was made up of rounded cysts. The ureter was normal. The renal 
artery and vein were small. 


A microscopic examination of the left kidney was made. There was marked 
widespread fibrosis with cystic dilatation and degeneration of the tubules. The 
gross cysts appeared to be dilated tubules, with the epithelial lining being flattened 
but intact. The fibrous tissue was dense and almost hyaline in regions. Many small 
fetal tubules were present in the fibrous stroma. The glomeruli were large and few; 
some were almost completely hyalinized. One section showed, deep in the kidney 
structure, a small island of deeply staining cartilage. 

There was also a large ductus arteriosus. 
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Case 6.—A white girl 12 years of age had a left kidney, normal in size and 
weight, which on cut section presented the classic picture of chronic pyelonephritis. 
The ureter was of normal size. 

The right kidney was extremely small, weighing 3 Gm. and measuring 3 by 2 
by 0.5 cm. It seemed to be made up of small cysts. On cut section there was no 
likeness to renal tissue. The color was dark red-gray with lighter areas, which 
represented small cysts. The capsule could not be stripped. The ureter was hypo- 
plastic. The right renal. artery was not present. 


Fig. 3. (case 6).—Large island of cartilage cells with a thick capsule in fatty 
tissue. The kidney was largely made up of connective tissue (x 65). 


__ Fig. 4 (case 7).—Small island of cartilage deep in the small right kidney. 
There was no other abnormality of the renal tissue (x 90). 


Microscopic examination of the left kidney showed only the typical picture of 
advanced pyelonephritis. 

The right kidney showed intense fibrosis throughout with some hyaline changes. 
The connective tissue (proliferation) was dense. Only a rare glomerulus that 
appeared to be functioning could be seen. Elsewhere the glomeruli were dense fibrous 
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whorls, many ef which were hyalinized. The tubules were prominent; many were 
dilated. Tubular degeneration was not impressive. There were varying degrees 
of sclerosis of the blood vessels. There were focal areas of leukocytic infiltration. 
A cartilage island was seen deep in the stroma near the pelvis in some fat. The 
cartilage cells were small and not closely packed together. 

No other congenital anomalies were present. 

Case 7.—The patient was a white boy aged 10 weeks. The left kidney was 
of normal size, weighing 29 Gm. and measuring 5 by 3 by $cm. It appeared normal 
on cut section. The pelvis and ureter were normal. 

The right kidney was hypoplastic, weighing 3 Gm. and measuring 3 by 1.5 by 
1.5 cm. On cut section the renal tissue appeared normal. The pelvis and ureter 
were normal. 

Microscopically, there were no abnormalities of glomeruli, tubules, blood vessels 
or interstitial tissue of either kidney. Deep in the cortex of the right kidney one 
small island of cartilage was seen containing fairly large, closely packed cells. 

No other congenital anomalies were present. 


COMMENT 


The islands of cartilage found in the kidney were small and were 
located in the capsule, just beneath the capsule, deep in the cortex and, 
in 1 instance, in fat near the ‘hilus. The presence or the significance 
of these islands is not easy to explain. Schaffer’ described the car- 
tilage islands as having the characteristics that have been postulated for 
the primary anlage of cartilage. The cartilage cells are close to one 
another and have a large amount of protoplasm, and there is absence 
of ground substance. Berner’ and Staemmler * favored the hypothesis 
that they may be cell rests or a displacement of derivatives of the 
primary vertebral myotomes and lateral plates, small foci of which 
become broken off. A more logical explanation would seem to be 
that they are due to metaplasia occurring in the mesodermal embryonal 
tissue that goes to the formation of the kidney. 

As far as we have been able to gather from the literature, cartilage 
islands have not been found in the normal kidney. The cases reported 
in the German literature (as cited in the foregoing pages) have 
occurred in polycystic kidneys and in adenosarcoma and its metastasis. 
In our own experience these cartilage islands have always been in 
hypoplastic kidneys with or without cysts. Except in 1 instance there 
has been from moderate to complete disorganization of all of the renal 
elements. We have never found cartilage in a renal tumor. This may 
be due to an oversight, as the islands are small and may not have been 
present in the sections studied, but it seems that a chance finding would 
have occurred in the many tumors examined. Neither have we seen 
a neoplasm or neoplastic cells in any of the hypoplastic kidneys studied. 

As islands of cartilage have in nearly all cases been found in kid- 


neys with congenital malformations it seems likely that in the disorgani- 
zation of the renal tissue the cartilage might well be a metaplastic 
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response of embryonal mesoderm which has failed to differentiate 
itself into its proper renal elements from the beginning. This might 
explain why so much connective tissue is found in hypoplastic kidneys, 
as well as smooth and striated muscle. The kidney is of mesodermal 
origin and there is a great potential, therefore, for the development 
of connective tissue, of which cartilage is one form. Gruber * expressed 
the belief that this early differentiation begins to take place before 
the fourth week of life in the embryo. He also expressed the theory 
that cartilage and muscle tissue in the kidney may be regarded as 
prosoplastic formations. Under the influence of a growing irritation 
(disorganization) a prosoplastic hamartoma and even a hamartoblas- 
toma might develop. He further stated that such a hypothesis could 
be appropriated for the mixed tumors of the kidney. 


SUM MARY 
In congenital hypoplastic and in congenital cystic kidneys islands 
of cartilage are apparently not uncommon. Their presence is most 
likely due to the disorganization of the embryonal renal tissue which 
occurs with kidney malformations. 


9. Gruber, B., in Henke, F., and Lubarsch, O.: Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1925, vol. 6, 
p. 35. 
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LATE EFFECTS OF RADIUM AND PLUTONIUM ON BONE 


MARGARET A. BLOOM, M.S. 
AND 
WILLIAM BLOOM, M.D. 
CHICAGO 


& IS WELL known, irradiation produces devitalized bone and 

at times an overgrowth of bone together with fibrous and gelati- 
nous marrow (Regaud'; Ewing’; Phemister*; Gall, Lingley and 
Hilcken*). It has also been demonstrated that the introduction of 
bone-seeking isotopes results in marked proliferative and degenerative 
changes in bone and marrow (Martland and Humphries °; Martland °; 
Thomas and Bruner *; Dunlap, Aub, Evans and Harris*). Osteogenic 
sarcomas have been found after external irradiation and have been 
studied in some detail after internal irradiation (Martland*; Sabin, 
Doan and Forkner *; Dunlap, Aub, Evans and Harris *; Evans, Harris 


and Bunker,’® and others). The details of the changes in bone after 
irradiation vary somewhat with the type of agent, dosage and especially 
with the animal species (see review by Gates **). 

Acute and subacute sequelae of the introduction of relatively large 
amounts of a number of bone-seeking isotopes have been described by 

This investigation has been aided by a grant from the Dr. Wallace C. and 
Clara A. Abbott Memorial Fund of the University of Chicago. 

From the Argonne National Laboratory and the Department of Anatomy and 
Institute of Radiobiology and Biophysics, University of Chicago. 
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Heller.** The long term chronic effects of small doses of plutonium 
(a pure a emitter) and radium, with special reference to tumor 
production, have been reported by Brues, Lisco and Finkel.’* A 
sampling of the animals given injections for this chronic program was 
set aside for serial autopsy and it is on this material that the present 
paper is based. We shall describe the bone changes observed in these 
serially autopsied mice during a period of from two months to a year 
after injection of small amounts of plutonium or radium. 


Since many of the previous studies in the literature were made 
on growing animals, it has not always been possible to separate 
the effects of radiation on compact and cancellous bone from those 
on the bone growth mechanism, including the cartilage at the metaphysis. 
The effects of radium and plutonium on our mice—which were essen- 
tially adult animals—are manifested mainly in new formation of typical 


and atypical bone and in devitalization of old as well as new bone. 
The absorption of bone previously reported in other species after 
introduction of certain isotopes ¢ither did not occur in our mice or 
was an inconspicuous part of the picture. 


MATERIAL AND METE-ODS 


The effects of radium and plutonium administered in a single small dose two 
months to a year previously were studied in the femurs of about 100 male and 
female mice of the CFI strain as compared with those of untreated controls of the 
same age kept under identical laboratory conditions. Radium was injected intra- 
peritoneally, 0.3 microcurie per gram of body weight to one group, 0.03 micro- 
curie per gram to another. Plutonium was given intravenously, 0.03 or 0.003 
microcurie per gram. Autopsies, usually on groups of 4 or more treated mice and on 
several untreated controls, were performed at intervals starting two months 
after treatment with the higher dose and three months after, with the lower 
dose. At the higher dose levels the survival time was shorter, and the latest 
interval at which autopsies were made was seven months for plutonium and five 
months for radium. With the lower doses some animals were killed as long as 
eleven or twelve months later. Tissues were fixed in formaldehyde-Zenker solution, 
embedded in pyroxylin (nitrocellulose), decalcified, cut and stained with hema- 
toxylin-eosin-azure II for histologic study. The description of the bone changes 
reported here is based primarily on sections of the femurs. Vertebrae of these 
same animals were prepared similarly, and are described briefly for comparison of 
the effects on these and on the long bones. The changes in the other organs will be 
described in another report. 


12. Heller, M.: Histopathology of Irradiation from External and Internal 
Sources: V. Bone, National Nuclear Energy Series (Manhattan Project Tech- 
nical Section), New York, McGraw-Hill Book Company, Inc., 1948, vol. 22-I. 

13. Brues, A. M.; Lisco, H., and Finkel, M. P.: Late Effects of Injected 
Plutonium on Mice and Rats, National Nuclear Energy Series (Manhattan 
Project Technical Section), to be published. 
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RADIUM 


Femurs of Mice Given 0.3 Microcurie per Gram.—Of the animals which received 
this dose, a number survived for five months, and autopsies were made at monthly 
intervals from two to five months. At two months the femur shows striking changes 
from the normal. In the epiphysis the bone is dead and the marrow gelatinous. 
The metaphysis is characterized by a great overgrowth of bone, so that the thin 
trabeculae of the normal spongiosa are now fused into an intricate network of 
irregularly arranged trabeculae which extend far into the adjacent marrow of 
the shaft. This bone is atypical in arrangement and staining. It is often coarsely 
fibrillated and in places deeply basophilic, in others acidophilic (fig. 3). Most of 
the lacunas are empty, and there are practically no living osteocytes. In some 
areas the new bone is dense and fairly regular. But here, too, most of the lacunas 
are empty. In one specimen only, there are still prominent remains of the original 
trabeculae of the spongiosa, with calcified cartilage, but these are entirely surrounded 
by new, blue-staining and atypical fibrous bone. The diminished marrow spaces 
are gelatinous. The cortical bone of the shaft contains a fair number of empty 
lacunas (fig. 1) and dead osteocytes. The new bone in the medullary cavity shows 
varying degrees of irregularity of arrangement and often is devoid of living 
osteocytes (fig. 2). The marrow of the central portion of the shaft is hemopoietic. 

The degree of damage in the epiphysis is the same at three months as at twe. 
The metaphysis in some specimens is even more solidly filled with devitalized bone 
than at the earlier interval (fig. 4). The new bone in the distal portion of the shaft 
extends for some distance into the medulla as an extension of the spongiosa and in 
part as an ingrowth from the endosteum of the diaphysis. Here a layer of osteo- 
blasts is sometimes prominent along the surface of the bone. In addition to the 
encroachment of bone from the metaphysis into the marrow cavity of the shaft, 
there is occasionally medullary bone in the shaft at a considerable distance from 
the metaphysis and separated from it by hemopoietic marrow. This newer bone, in 
contrast to the older atypical bone of the metaphysis, contains many normal 
osteocytes, as well as some dead ones and empty lacunas, but differs from normal 
bone in the irregular arrangement of the bone cells. An osteoblastic layer is 
usually prominent. Some of this bone has been laid down recently, whereas some 
is quite dense. Except where it has been replaced by bone, most of the marrow of 
the shaft is hemopoietic at this time, except for one specimen in which gelatinous 
marrow extends deep into the shaft. In the middle of the shaft of this femur 
there is a small area of very atypical bone, fibrous but of varying density, closely 
associated with numerous spindle cells and in a few areas containing empty 
lacunas. Although this section was taken several months before the time when 
gross sarcoma is observed in similarly treated animals, this discrete bit of 


atypical bone is consistent with what one might expect of an exceedingly early 
sarcoma. 


\t four months two of the three specimens reveal extensive damage, with 
much dead and atypical bone in the metaphysis, although the relative amounts of 
devitalized bone and gelatinous marrow differ in the two. The bone of the shaft 
varies from the relatively smooth contours of normal bone to greater or lesser 
irregularities in the endosteal surface, with projections into the marrow cavity, 
in one instance forming a complete bridge across it. In the latter case the bone 
is compact but less regular in cellular and lamellar arrangement than normal 
bone, and in places exceedingly fibrous. Interspersed with the living osteocytes 
in this bone are some empty lacunas. An osteoblastic layer extends along part 
of the surface of this bone, the rest being covered by spindle cells. 
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Fig. 1.—Shaft of mouse femur two months after intraperitoneal injection of 
0.3 microcurie of radium per gram of body weight. It shows cortical bone, partially 
devitalized, with new bone growing from the endosteal surface into the marrow of 
the shaft. x 283. 

Fig. 2—Shaft near metaphysis of the same femur as in figure 1. An advancing 
edge of bone is encroaching on gelatinous marrow. Note the empty lacunas and 
the irregular lamellation. x 283. 
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Fig. 3—Metaphysis near the cartilage plate from the same femur as in figure 1. 
Note dark-staining, fibrous new bone between preexisting trabeculae. Calcified 
cartilage appears black. x 295. 

Fig. 4.—Metaphysis of mouse femur three months after injection of 0.3 micro- 
curie of radium per gram of body weight. There are deep gray areas of new bone 
along the margins and in the substance of the trabeculae. The marrow is gela- 
tinous. Cartilage remnants appear black. x 295. 
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In the bone of the shaft empty lacunas occur fairly frequently, but are no 
confined consistently to either the endosteal or the periosteal portions of the 
bone. The marrow in the shaft is hemopoietic ; even in the femur in which bone has 
grown across the marrow cavity, the area between this bone and that in the 
proximal end is filled with hemopoietic cells. 

One of the three specimens at this interval shows much milder radiation 
effects than the others. Along the metaphysial surface of the cartilage plate 
extends a thick band of bone, most of it dead, with only a few scattered osteocytes 
near the shaft side. The marrow is hemopoietic. 

The picture is much the same at five months as at four, except that in 
the metaphysis and the epiphysis the atypical bone is, in some specimens, less 
fibrous and more like compact bone, although with practically all lacunas empty. 
Again, the spaces between the trabeculae are filled with gelatinous marrow. The 
marrow of the shaft is hemopoietic. In one specimen a network of trabeculae 
of fairly normal-appearing bone arises from the endosteum, extending across the 
marrow cavity in several places. 

Femurs of Mice Given 0.03 Microcurie per Gram.—Mice which received this 
lower dose of radium were submitted to autopsy after three, five, seven and 
twelve and one-half months. 

Xt three months the picture either is that of a normal older bone or shows 
some thickening of the trabeculae beneath the cartilage plate. In one femur 
the metaphysial bone is somewhat thickened, with the trabeculae tending to run 
parallel to the cartilage plate. In contrast to the mild changes in the other 
specimens at this interval, one femur resembles those at the higher dose level: 
Dead and atypical bone fill the metaphysis and extend well into the shaft, with 
dead osteocytes and empty lacunas prominent in the thickened and irregular shaft 
bone near the metaphysis. 

Profound changes have occurred by five months. In some femurs the epiphysis 
is almost completely filled with dense bone. In the metaphysis, too, there is a 
great overgrowth of bone, some of its cells dead, in contrast to the living 
osteocytes of the epiphysis. In one specimen, beneath this bone inside the meta- 
physis, there is a peculiar dense fibrous tissue, denser than fibrogelatinous 
marrow but distinctly different from the early atypical fibrous bone formed 
after higher doses of radium. Unfortunately, we cannot tell whether this was 
calcified, since the block had been decalcified and no von Késsa preparations 
could be made. This tissue merges gradually with dense gelatinous marrow 
which extends into the portion of the shaft containing an anemic infarct. Proximal 
to this there is hemopoietic and some fatty marrow. Much of the cortical bone 
of the shaft is also dead. 

Seven months after treatment the bone of the metaphysis is excessive in 
amount; that near the shaft is all dead, as is most of that in the rest of the 
metaphysis. However, in one specimen there is a thin layer of normal bone beneath 
the cartilage plate. Most of the diaphysial bone is dead, and it is usually 
thickened and, in places, irregular. In one specimen an anemic infarct occupies 
most of the metaphysis and shaft. Near the proximal end of the shaft the marrow 
is gelatinous, becoming fibrogelatinous in places. In the other specimen the 
marrow in the shaft is hemopoietic. 

At twelve and one-half months the femurs of the 2 mice show little radiation 
damage. In one there has been closure of the epiphysial-metaphysial junction, 
there is no gelatinous marrow and only a little new bone. In the other there is 
only a slight overgrowth of bone in the epiphysis. We have no explanation for 
these apparently exceptional animals. 
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Vertebrae—Two months after the mice have been given the injection of 0.3 
microcurie of radium per gram, the preexisting bone of the vertebrae is practically 


all dead and acellular. Blue-staining atypical fibrous bone like that formed in 
the femurs has developed around the trabeculae of the spongiosa. It varies in 
exter but is plentiful in all specimens. Most of this newer bone is also devitalized, 


though in portions of one specimen living osteocytes remain, irregularly arranged. 
In another there is little fibrous bone, but an atypical, dense, apparently homo- 
geneous ground substance has developed in the marrow. The marrow itself is 
gelatinous and depleted, with only a sprinkling of hemopoietic cells. 

At later intervals, too, most of the old bone and of the newer atypical fibrous 
bone is dead. The peculiar ground substance noted at two months is present in some 
specimens at three, four and five months. It is sometimes vacuolated, stains 
pinkish gray and bears no particular resemblance to bone or connective tissue. 
It occurs frequently in the neighborhood of hemopoietic cells, although the rest 
of the marrow may be gelatinous. The marrow within these vertebrae as a 
whole is gelatinous. Hemopoiesis, entirely absent from some specimens, varies 
in others from occasional small foci to large areas of activity. 

A small giant cell granuloma is present in the connective tissue near a 
vertebra of a three month animal. 

In a vertebra of a five month mouse there is an area of intense and somewhat 
atypical proliferation of osteoblasts. 

After the lower dose of radium, 0.03 microcurie per gram, the vertebrae 
show only mild radiation effects three and five months after treatment. The 
bone is more compact than after the higher dose and more like the bone of 
femurs after injection of plutonium. Some of the lamellas are quite irregular; 
others show the normal, roughly parallel configuration. There are empty lacunas 
in the bone near the cartilage plate, but the cortex and some of the trabeculae 
contain mostly living osteocytes. The marrow is hemopoietic, with little 
deplet'on at three months and none at five. By seven months there are areas of 
dead bone with many empty lacunas. Overgrowth of bone has occurred and 
is quite extensive in some vertebrae. The marrow is depleted and gelatinous 
in places, but on the whole it is hemopoietic. 

Three specimens are leukemic. In 2 of these the leukemia is extremely 
early; in the third it is somewhat more advanced. Like the femurs, the vertebrae 
of the 2 mice examined at twelve and one-half months resemble the controls, 
except that one has definite leukemia, the other possibly very early leukemia. 
One of the seven month untreated controls is also leukemic. 


PLUTONIUM 


Femurs of Mice Given 0.03 Microcurie per Gram.—In the series in which 0.03 
microcurie of plutonium per gram was injected intravenously, the first autopsies 
were made two months after treatment. At this time there is some overgrowth 
of bone in the epiphysis. The trabeculae are thickened, in places forming irregular 
primitive haversian systems. There is a great overgrowth of bone in the 
metaphysis and extending well into the shaft, where it frequently forms a thick 
meshwork across the marrow cavity (fig. 5). Osteoblasts are numerous, some of 
them enlarged. A few osteoclasts are also present. Although some trabeculae are 
devitalized they are covered with a layer of osteoblasts or spindle-shaped cells. 
The metaphysial bone varies in degree of abnormality from specimen to specimen. 
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Varying numbers of the osteocytes are dead. But in no.specimen do empty 
lacunas predominate as in the bones of the animals receiving 0.3 microcurie 
of radium per gram. 

Changes have also occurred in the bone marrow. In the epiphysis the 
marrow is mainly gelatinous or fatty, with only scattered hemopoietic cells or one 
or two foci of them. In the metaphysis the marrow is almost entirely gelatinous, 
with many spindle cells and usually only scattered hemopoietic cells, mostly small 
granulocytes. Only in one specimen is there hemopoiesis close to the cartilage 


Fig. 5.—Femur cf a mouse two months after intravenous injection of 0.03 
microcurie of plutonium per gram of body weight. The overgrowth of bone 
practically fills the cavity of the shaft. x 15. 

Fig. 6—Femur of a mouse seven months after injection. of 0.03 microcurie of 
plutonium per gram of body weight, showing extensive osteosclerosis and two areas 
of hemopoietic marrow. x 15. f 


plate. In the interstices between the trabeculae inside the shaft, the marrow 
varies from gelatinous and fatty to hemopoietic. Only the midportion of the shaft 
contains hemopoietic marrow. 

At three months there is osteosclerosis in the epiphysis, with trabeculae of 
bone dead in some specimens and not in others. 

The extent of overgrowth in the metaphysis is about the same as at the 
earlier interval. However, in one specimen at this time the bone contains mostly 
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Fig. 7—Femur of a mouse three months after injection of 0.03 microcurie of 
plutonium per gram of body weight. Atypical, basophilic, fibrous bone in metaph- 
ysis, interspersed with gelatinous marrow. Cartilage appears black. x 324. 


Fig. 8—Femur of a mouse five months after injection of 0.03 microcurie of 
plutonium per gram of body weight, showing new bone arising from endosteum 
in the central portion of the shaft. Note covering layer of basophilic osteoblasts. 
x 81. 
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empty lacunas, and surrounding many of these spicules is an atypical, blue- 
staining bone, practically free of lacunas. Close to the cartilage plate, especially, 
this bone is particularly atypical, fibrillar and deeply stained (fig. 7). 

The marrow in the epiphysis as well as in the metaphysis is almost wholly 
gelatinous. Toward the shaft there is sometimes more hemopoiesis. The shaft 
itself usually contains hemopoietic marrow; in the specimen showing the greatest 
damage in the metaphysis, the marrow in the shaft contains giant hemocytoblasts 
and a number of degenerating granulocytes. 

By four months there have been further changes. The metaphysial bone, 
much of it devitalized, has increased in amount and is continuous with the cortical 
bone of the shaft. Atypical fibrous bone surrounds many of the trabeculae of 
compact or spongy bone, the latter varying greatly from specimen to specimen, 
and even from one area of the metaphysis to another in the same section. The 
bone extends farther into the shaft than at three months. Osteoblasts are absent 
from the metaphysis near the cartilage plate but are present nearer to the shaft, 
where they surround some bands of devitalized as well as atypical bone. In 
one specimen there is some new bone covered with osteoblasts near a hemopoietic 
area just beneath the cartilage plate. The epiphysial bone is thickened and 
irregular, and contains some empty lacunas and dead osteocytes. 

The epiphysial marrow at this time is fatty, with a layer of gelatinous 
marrow bordering the spicules of bone and containing scattered small groups of 
late hemopoietic cells, mainly granulocytes. The small marrow spaces in the 
metaphysis are gelatinous. In a few of these, in addition to spindle cells, there are 
heterophilic leukocytes; in others, eosinophilic leukocytes. The marrow of 
the shaft contains widened sinuses in some portions and erythropoietic and 
myelocytopoietic cells in others. The hemocytoblasts have large, opaque nucleoli, 
and an occasional dead cell is present. No mitoses are seen in some specimens; in 
others, in which mitoses are numerous, the cells are mainly late forms. 

Five months after treatment the femurs of the different animals vary con- 
siderably, suggesting a spotty distribution of the plutonium. All show a marked 
overgrowth of bone in the metaphysis. This is an irregular compact bone, 
devitalized in places and usually bordered by atypical fibrous bone. In some 
specimens this bone forms a wide band beneath the cartilage plate; in others 
it spreads well into the shaft. The inner surface of the shaft bone may be 
relatively smooth, or it may send projections of spongy and compact bone into 
the marrow cavity. An early stage of this process is seen in figure 8 The 
spicules of bone inside the cavity of the shaft are bordered by a layer of osteoblasts. 
There is some increase in bone in the epiphysis, often with dead osteocytes and 
empty lacunas, and surrounded or replaced by atypical fibrous bone. 

The marrow in the epiphysis is gelatinous or fatty, with few or no hemupoietic 
cells. Most of the smaller marrow spaces in the metaphysis are filled with 
gelatinous marrow and spindle cells, whereas the larger ones contain many 
hemopoietic cells. Inside the shaft the spicules of bone are surrounded by 
gelatinous marrow. The marrow of the rest of the shaft is hemopoietic. There 
is some erythropoiesis, but most of the cells are myelocytes. 

By seven months the process is still further advanced. The bone is exceedingly 
dense in both the epiphysis and the metaphysis (fig. 6). The spongiosa consists 


of old bone and many successive layers of new bone, all dead in some animals 
and nearly so in others. 
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In the diaphysis bone from both the metaphysis and the endosteum has 
invaded most of the marrow cavity; some of it resembles normal dense cortical 
bone, but for the most part it is atypical in arrangement and varies from spongy 
bone to broad trabeculae of irregular compact bone with only small marrow spaces 
(figs. 9, 10 and 11). A few of these spicules are covered by osteoblasts; more 
of them, by spindle cells. Scattered osteoclasts are also present. The cortical 
bone of the shaft proper is quite thick and irregular on its endosteal surface, usually 
with a lining of osteoblasts. 

In one specimen the atypical bone in the marrow of the shaft is very cellular, 
composed of somewhat atypical spindle and round cells with only a little inter- 
cellular substance. Since this specimen represents a dose and time at which 
sarcoma is frequently observed, this atypical bone may well be an early sarcoma 
(fig. 12). In the marrow of the shaft of this same specimen there is a second 
area of atypical bone, characterized by an excessive number of osteoblasts and 
spindle cells, some atypical, and one giant osteoblast with an enormous attraction 
sphere 

The extensive bone growth which has taken place by seven months leaves 
only insignificant marrow spaces. These are gelatinous in the metaphysis, 
gelatinous and fatty in the epiphysis. In the shaft many of the marrow spaces 
are small and gelatinous; the few remaining larger ones contain groups of 
hemopoietic cells between the sinuses. There is some debris, as well as many 
degenerating cells. Hemocytoblasts and large myelocytes contain clumped chro- 
matin. 

Femurs of Mice Given 0.003 Microcurie per Gram.—Another group of about 30 
mice was given by injection 0.003 microcurie of plutonium per gram, or one-tenth the 
dose administered to the series described in the foregoing section. Three months 
after treatment the overgrowth of bone in the metaphysis is much less than with 
the higher dose at either two or three months. Osteoblasts are prominent except 
where spindle cells replace them. Empty lacunas and dead osteocytes are rare 
except in some spicules of one specimen. The marrow of the metaphysis as well 
as that of the shaft is hemopoietic, although a number of the cells, especially the 
hemocytoblasts, show signs of degeneration. 

In the several five month specimens the damage varies widely in degree and in 
location. In one there is overgrowth of bone beneath the cartilage plate, in another 
this region is hemopoietic, while lower in the metaphysis bone has grown in 
from the cortical bone. This devitalized bone within the marrow cavity has some 
osteoblasts along the surface and is surrounded by gelatinous marrow. In this 
femur the marrow is hemopoietic in the central portion of the shaft and in that 
part adjacent to the metaphysis; between these parts there is a large area of 
gelatinous marrow. There is also an infarct in the shaft, with fibrosis around its 
margins. In another femur new bone from the shaft has invaded the marrow 
cavity in a number of places, sometimes forming an almost complete bridge across it. 


In one specimen the outer layers of the shaft have the normally pink-staining 
matrix, while the inner lavers stain blue. Extending from the cortical bone into 
the marrow cavity is a large, irregular trabecula with scattered bone cells and 
haversian canals. The matrix is irregular in staining: in places there are long 
pink, blue and gray stained areas, some irregular in outline, some blue throughout. 
In one area the lamellas are very irregularly arranged, roughly centering about 
thin-walled blood vessels and little marrow. 


At seven months there is a great overgrowth of bone in both epiphysis and 
metaphysis. This bone is also irregular in arrangement. Unevenness in the 
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Fig. 9—Area of shaft from the section shown in figure 6 in which dense bone 
replaces most of the marrow. Osteocytes are prominent. Cortical bone is at the 
lower edge. x 295. 

Fig. 10—Femur of a mouse seven months after injection of 0.03 microcurie of 
plutonium per gram of body weight. It shows a characteristic picture of bone 
overgrowth in the shaft, with dense bone, the cells and lamellas of which are 
irregular in arrangement, and with some new, fibrous bone. x 295. 
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Fig. 11—Femur of a mouse seven months after injection of 0.03 microcurie of 
plutonium per gram of body weight. Note the thick, atypical trabeculae of bone 
extending into the marrow from the shaft and compare this area with figure 12. 
x 309. 

Fig. 12—Marrow near the area in figure 11. The cells in the new bone are 
numerous, large and polymorphous, and are irregularly arranged in sparse, pale- 
staining matrix. This area is suggestive of early sarcoma. Xx 309. 
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endosteal surface of the shaft and thickening of the cortical bone vary from speci- 
men to specimen, in several the overgrowth being so extensive as to obliterate the 
marrow cavity almost completely in places. 

Nine months after treatment the epiphysis is filled with bone. The metaphysis 
varies from an increase in thickness of the trabeculae in one specimen to a lacy 
network filling the metaphysis in another. The shaft bone, however, shows less 
change than is seen in some specimens at earlier intervals. 

The longest interval between treatment and autopsy in this group of animals 
was eleven months. After this length of time there is a great overgrowth of bone 
in epiphysis and metaphysis. In one femur the metaphysial and epiphysial bone 
is continuous, causing an interruption of the cartilage plate. In another specimen, 
on the other hand, there is hemopoietic marrow on the metaphysial side of the 
cartilage plate, but below this is a thick band of bone extending completely across 
the marrow cavity. There are varying degrees of thickening of the shaft bone, 
but, on the whole, they are not great. 


Vertebrae—Two months after injection of 0.03 microcurie of plutonium per 
gram the vertebrae show slight changes, although a number of osteocytes are dead 
or degenerating (beginning karyolysis) and some lacunas are empty. There is a 
suggestion of new bone formation: Thin, blue-staining strands of osseous material 
border some trabeculae of the more compact, preformed bone. At this time the 
vertebral marrow is extremely depleted and gelatinous. 

Later intervals—from three through seven months—show a progressive thicken- 
ing and fusion of the trabeculae of bene near the cartilage plate and their extension 
into the marrow cavity, sometimes from the sides as well. This bone is frequently 
irregular, with its lamellas running in all directions. The proportion of dead bone 
in this overgrowth varies from specimen to specimen, but in general increases 
with time, and by seven months much of it near the cartilage is dead. At every 
stage layers of new, blue-staining bone surround many of the trabeculae. In 
some of the areas of new bone the nuclei of the osteocytes are swollen, and in 
others, beginning to degenerate. At one spot in the marrow close to a trabecula 
there is a small collection of irregular spindle cells, which differ in appearance 
from typical reticular cells or fibroblasts. 

The marrow continues to be mainly gelatinous, although hemopoiesis, beginning 
at three months, first as sparsely scattered cells or small foci, later increases until 
whole vertebrae are hemopoietic, although neighboring ones are still completely 
depleted and gelatinous. From four months on, scattered through the marrow of 
some specimens are varying amounts of an abnormal homogenous ground substance 
(like that described in some of the radium-treated mice), sometimes vacuolated, 
and usually located near an area of hemopoiesis. 

From three to seven months after the lower dose of plutonium, 0.003 micro- 
curie per gram, the vertebrae appear much like untreated controls, except for a 
few specimens in which there is some overgrowth of bone, but there is no corre- 
lation between osteosclerosis and length of time after injection, as with the higher 
dose. In general, new bone is absent, and the marrow is hemopoietic. There 
are signs of radiation damage, as vacuolated osteoblasts in one instance at seven 
months, but no striking changes from the normal have appeared. 


At later intervals, however, other pathologic changes are seen. Early leukemic 
changes occur in one specimen at nine months and in another at eleven. In both 
the bone appears normal. Another specimen has a questionable infarct. And in 
still another, otherwise normal, one half of the body of vertebra is filled with 
small trabeculae of normal, pink-staining new bone. 
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COMMENT 


Similarities and differences in the effects of plutonium and radium 
on the bones of mice are shown in our histologic material. Both 
elements produce a progressive overgrowth of bone in epiphysis, meta- 
physis and shaft. Much of the new bone developing after injection 
of either radium or plutonium is irregular in arrangement and staining 
properties, and much of it becomes devitalized. In both instances the 
newest bone is usually fibrous and is basophilic in decalcified prepa- 
rations. With the doses used, the new osseous tissue which appears 
after plutonium tends to be in relatively broad trabeculae of fairly 
dense bone, irregular in arrangement and thickness of lamellas, while, 
on the whole, much more fibrous, atypical, acellular bone appears after 
radium. These variations probably reflect differences in the intensity 
of ionization and the range of alpha and beta particles. As could be 
expected from previous experience with these materials, the longer- 
ranged beta particles, together with the alpha particles coming from 
the disintegrations of the radium series, destroyed more osteocytes 
and produced more extensive gelatinous marrow than the short-ranged 
alpha particles from plutonium. In general, our findings substantiate 
those of Heller ** with larger doses of these elements; she characterized 
the overgrowth of atypical bone after plutonium as apparently being 


closer to a normal repair process than the dense fibrous bone resulting 
from injection of radium. 


In comparing the effects of plutonium and radium in our experi- 
ment, it must be borne in mind that, of the doses administered, only the 
high dose of plutonium and the low dose of radium were the same in 
microcuries, and also that the mode of injection was not the same for 
the two. 

Since the changes produced in the bones of cur mice are essentially 
radiation effects, it is necessary to compare the sites of deposition of the 
plutonium or radium with the sites of greatest damage to the bone as 
demonstrated histologically. Some bones of the mice of our series 
were fixed in alcohol for autoradiographs, but we were unable to cut 
sections of these bones without decalcification because of the great 
amount of dense new bone in them, so that we do not have autoradio- 
graphs of this material that can be compared directly with our decalci- 
fied sections. However, we have studied autoradiographs of other 
mice, similarly treated with radium or plutonium, and examined after 
shorter intervals than those of the present series (see Heller ’*). On 
the whole, there is a close correlation between the site of bone changes 
and the site of radioactivity. The metaphysis, where the overgrowth 
of bone begins and where the damage to the preexisting bone is greatest, 
is also the region of heaviest deposition of the radioactive material. 
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The slower development of osteosclerosis in the epiphysis and diaphysis 
agrees with the lower concentration of radium or plutonium in these 
regions in the autoradiographs (see also Calhoun and Aub™). Study- 
ing the effects of radium and plutonium within the first days and weeks 
after injection, Heller observed that after radium the overgrowth 
occurred first in the secondary spongiosa, whereas after plutonium it 
appeared first in the primary spongiosa. In the earliest stages reported 
here, after injection of both elements, both primary and secondary 
spongiosa are already involved. 

In view of the fact that plutonium and radium are deposited on both 
the endosteal and the periosteal surface of the shaft, although to a 
lesser extent on the latter, it is interesting that in our sections the over- 
growth of bone occurred invariably as an endostosis. 

In some respects the adult mouse is a more-satisfactory experimental 
animal than the rat, since its bones have practically ceased growing 
and the pathologic changes are not complicated by the reconstruction 
of bone due to continued growth. 

It is difficult to determine the significance of the bone changes 
described here. It is obvious that large amounts of atypical bone are 
formed, but we find it impossible to classify this bone with precision. 
It is an atypical bone unlike that produced in callus formation or 
in benign osteoma or frank sarcoma. In the mice given radium much of 
the old and new bone becomes devitalized but shows no definite evidence 
of resorption, while in the animals given plutonium somewhat less 
of the new bone is devitalized. This new and devitalized bone thus 
falls within the scope of Ewing’s “radiation osteitis.” There is, 
however, no single typical picture of radiation osteitis (Slaughter '*). 
As Regaud,’ Ewing,? Phemister* and others have pointed out, bone 
devitalized by irradiation is absorbed slowly if at all. In all of our 
material, we are evidently dealing with earlier stages in the destructive 
process than any described by Martland in the radium dial painters. 

In the doses used here, despite the devitalization of large amounts 
of bone, pathologic fractures did not occur, although many have been 
observed in rats treated with strontium ®® (Heller **; Brues, Lisco, 
Finkel and France **). 

In only 2 of about 100 animals were the proliferative bone changes 
(in femurs in both) suggestive of early sarcoma. Here there was 


neither the atypical fibrous bone characteristic of radium poisoning nor 


14. Calhoun, J. A., and Aub, J. C.: J. Clin. Investigation 16:664, 1937. 

15. Slaughter, D. P.: Am. J. Roentgenol. 48:201, 1942. 

16. Brues, A. M.; Lisco, H.; Finkel, M. P., and France, H. O.: Late Effects 
of Single and Repeated Injections of Sr*®, National Nuclear Energy Series (Man- 
hattan Project Technical Section), to be published. 
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the broad band of dense bone so prominent after plutonium. On the 
contrary, in both of the questionable areas there is only a small amount 
of osseous tissue, very cellular, with many atypical cells, and containing 
little interstitial substance. These areas are so small that, although 
invading adjacent bone marrow, the proliferated cells have not extended 
to other tissues. Obviously, if they had reached the stage of metastasis, 
the tumors could not be called early. 


It is possible, to be sure, that these growths are not sarcoma, but 
are exceedingly rapidly forming bits of bone of a different type, seen 
in only 2 per cent of the bones, all of which had several other types 
of atypical bone. But since 1 of them (at the seven month interval 
after plutonium) was seen at a time when early sarcoma is not 
uncommon in similarly treated animals, and since a large percentage 
of the remaining animals of these series, allowed to go on to spontaneous 
death, presented sarcoma (Brues, Lisco and Finkel'*) and especially 
in view of the cellularity of these two areas, we are inclined to believe 
that they probably show the start of a sarcomatous change. Further, 
many observers reporting in the literature, including Sabin, Doan and 
Forkner * and Dunlap, Aub, Evans and Harris,* have described osteo- 
genic sarcomas as occurring frequently after radium treatment, though 
usually after longer intervals than ours. The descriptions of these 


later stages of fully developed sarcoma do not help in diagnosing our 
suspicious material. The changes in the latter are of especial interest, 
since the events occurring during the long latent period prior to 
induced cancerous change are little understood. 


There is apparently an increase in early leukemias in our animals 
as compared with controls killed at the same time. Because of the 
limited number of animals, it is difficult to determine whether this is 
a significant increase. However, Brues, Lisco and Finkel'* have 
observed an increase in incidence of lymphoma and leukemia in CF1 
mice treated with plutonium, an increase which occurs also in mice 
of this strain treated by roentgen irradiation of the whole body. 


SUMMARY 


Radium when injected into mice intraperitoneally at dose levels 
of 0.3 and 0.03 microcurie per gram of body weight, and plutonium 
given intravenously at levels of 0.03 and 0.003 microcurie per gram 
produce an overgrowth of bone in the femurs and the vertebrae. In 
the femur this overgrowth begins in the distal metaphysis and is more 
extensive there than in the epiphysis or the shaft. This atypical 
bone, surrounded by gelatinous marrow, fills the metaphysis and 
encroaches on the marrow of the shaft, which is also invaded by new 
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bone from the endosteum, and in the extreme cases the two processes 
combine in some areas to obliterate the marrow. 

The bone formed after radium treatment is atypical and fibrous, 
and much of it becomes devitalized. The cortical bone of the shaft 
also contains many empty lacunas. After plutonium, the newest 
bone is also fibrous, but the greatly thickened trabeculae of spongy 
bone become progressively more compact, although the extremely irregu- 
lar arrangement of lamellas and osteocytes distinguishes them from 
normal bone. Empty lacunas are fewer than after radium. 

Early changes of an atypical proliferative nature were seen in a 
three month specimen after radium and in a seven month specimen 
after plutonium, and may represent early sarcoma or a predisposing 
State. 

Resorption of the necrotic bone does not seem to have occurred. 

Infarction of the marrow was seen in 2 of the radium-treated and 
1 of the plutonium-treated animals. 

The changes in the vertebrae are essentially like those in the femurs. 


¢ 








Case Reports 


BENIGN MUCOEPIDERMOID TUMOR 


JOHN T. GODWIN, M.D. 
NEW YORK 
AND 
S. H. COLVIN Jr., M.D. 
NEW ORLEANS 


N 1945 Stewart, Foote and Becker ' in reviewing 700 cases of tumors 

of the major and minor salivary glands were able to separate 45 cases 
in which the tumors had features sufficiently characteristic to be desig- 
nated as mucoepidermoid. This descriptive term was applied because 
both mucoid and epidermoid elements were constant features. In all 
cases in the group the mucoepidermoid neoplasm took a mucicarmine 
stain and presented characteristics differing from those of other types of 
salivary tumors. They found that these tumors fell into two histologic 
types, benign and cancerous. Of the 45 reported, 26 were placed in the 
benign category. The benign lesions were equally distributed as to 
sex, and 58 per cent of the patients had an onset of symptoms before 
40 years of age. The parotid gland was the most common site, and the 
lesion usually appeared as a painless swelling with no fixation to the 
overlying skin. Grossly the tumors were ovoid, circumscribed, not 
encapsulated, firm, cystic and varicolored. Forty-two per cent of the 
lesions were recurrent when first seen. They assumed that these tumors 
arose from the larger and intermediate ducts which normally are com- 
posed of basal, intermediate and columnar cells. The epidermoid and 
mucous cells apparently result from metaplasia of the cells normally 
present. 

Bernier * reported 2 mucoepidermoid tumors, one of which was 
cancerous and the other benign. This report was preliminary to a more 
complete survey of salivary gland tumors being done at the Army 
Institute of Pathology. 

The 2 cases to be reported are instances of histologicaily benign 
mucoepidermoid tumor. 

REPORT OF CASES 

Case 1—A. K., a 19 year old white man, was admitted to the hospital com- 
plaining of a painless lump of three years’ duration located immediately below 
the right ear. It had steadily increased in size, and occasional'y the overlying 
skin had become inflamed and painful. Examination revealed a. slightly tender, 
freely movable, multinodular mass located immediately below: the right ear. 
The overlying skin was slightly inflamed. A needle was inserted into the mass 
and several cubic centimeters of yellow opaque material was aspirated. The over- 
lying skin and the tumor were excised. The lesion extended down to, but did not 


1. Stewart, F. W.; Foote, F. W., and Becker, W. F.: Ann. Surg. 122:820, 
1945 
2. Bernier, J. L.: J. Oral Surg. 4:153, 1946. 
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involve the parotid parenchyma. It was ruptured during removal, and a small 
quantity of mucoid material was liberated from several small cysts. 


The specimen consisted of a segment of skin measuring 4.5 by 1 cm. to which 
was attached a mass of subcutaneous tissue measuring 6 by 3 by 3 cm. The 
cut surface revealed immediately beneath the skin a dark reddish brown multi- 
cystic area, measuring 4 by 2 by 2 cm., partially surrounded by soft yellow 
The lesion was circumscribed but not encapsulated. 
lymph node was present in the adipose tissue. 


adipose tissue. A single 


Three and one-half months after the initial operation, the patient returned to the 
hospital complaining of a painless nodule at the superior end of the previous 
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Fig. 1 (case 1).—Section showing mucous cells. 


Hematoxylin and eosin; 
x 125. 


operative scar. Examination revealed a firm, freely movable nodule, measuring 


3 cm., located beneath the scar. This nodule was removed, and a specimen was 
also taken from the depths of the operative wound. 


Grossly the tissue was 
separated into two portions as removed. 


The nodule was 2.5 cm. in diameter, 
firm, yellow-gray, not encapsulated and covered on one surface by a small segment 
of skin. The cut surface of the nodule was composed of two firm multicystic areas 
with reddish brown centers. The second specimen consisted of three small seg- 
ments of soft, pinkish gray tissue. All specimens were fixed in formaldehyde 
solution, sectioned and stained with hematoxylin and eosin and Mayer’s mucicar- 
mine. 
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Microscopic sections of the original tissue revealed a fibrous stroma containing 
many varying-sized epithelium-lined cysts filled with an eosinophilic staining 
mucoid substance. The lining cells were flat to columnar and were eosinophilic. 
In many instances the cell membranes were indistinct. The nuclei varied in size 
and shape, but no mitotic activity was observed. All types of ductal cells were 
present, but mucous and epidermoid cells predominated. The mucous cells formed 
the superficial layer of many of the cyst linings, some of which had a papillary 
arrangement. A few mucous cells were found deep within the lining, and in some 
areas small intraepithelial cysts were formed. The basal and epidermoid cells 


Fig. 2 (case 1).—Section of cyst wall formed by epidermoid cells. Hematoxylin 


and eosin; * 125. 


formed the major portion of the remaining cysts and also showed papillary infold- 
ings. The basement membrane of the cyst linings was intact, although in a few 
instances mucus had been extravasated into the stroma. There was an associated 
infiltration of lymphocytes and plasma cells in these areas. Surrounding many of 
the cysts were large lymphoid follicles. A few intermediate ducts were seen with 
adjacent distended ducts and mucus-filled cysts of varying size. An occasional 
plug of epidermoid cells was scattered about in the stroma. No pear! formation 
or squamous cells were found. A section of skin revealed an area of subcutaneous 
granulation tissue and scar formation containing several large zones of clear 


histiocytic cells. Section of the lymph node showed reactive hyperplasia. The 
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mucous cells and cyst contents took a mucicarmine stain. The structure of the 
tissues removed at the second operation was similar to that of the original specimen 
except for an increased number of epidermoid plugs. The tumor involved the 
margins of the smaller piece of tissue removed at the second operation. 

Case 2.—Z. N., a 30 year old white woman, complained of a mass of two 
months’ duration located below the right ear. It had slowly increased in size 
but had not been painful. Examination showed a small, firm, rounded, freely 
movable, slightly tender nodule just below the right ear. At operation, the tumor 
was found in the substance of the parotid gland. It was well circumscribed and 
measured about 7 mm. in diameter. It was firm, not encapsulated, and on section 
showed several 1 mm.-sized white nodules. The tissue was prepared similarly to 
the previous specimens. 

Microscopically, the lesion was partially surrounded by normal parotid tissue. 
It was composed of several cystic areas lined by basal, epidermoid and mucous 
cells, the mucous type predominating. The cysts contained mucus, and in some 
areas this had been extravasated into the surrounding tissue. There was an 
associated infiltration of lymphocytes and plasma cells. The mucous cells and the 
cyst contents took a mucicarmine stain. 


COMMENT 


The 2 cases described are similar to those previously reported. 
There has been a recurrence of the lesion in case 1, indicating inadequate 
removal at the first operation. As pointed out by Stewart and associates,’ 
recurrence may be due to outlying hyperplastic foci somewhat removed 
from the main lesion. A second recurrence may be anticipated in view of 
the marginal involvement of the tissue removed at the second operation. 


There has been no recurrence in case 2 after four years. In the pre- 
viously reported cases, no reference was made to the occurrence of 
lymphoid tissue in these tumors. In case 1 this was a prominent feature, 
but it could not be established whether this was an integral part of the 
tumor or incident to extravasation of mucus. The probable ductal origin 
of these tumors is borne out by the presence of ductal structures in 
various stages of cystic formation and the resemblance of the cyst epi- 
thelium in certain areas to the normal ductal cells. 
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Books Received 


PracticaL Aspects oF THyroip Disease. By George Crile Jr., M.D., Depart- 
ment of Surgery, Cleveland Clinic. Cloth. Pp. 355, with 101 figures. Price $6. 
Philadelphia and London: W. B. Saunders Company, 1949. 


This interesting book, based on the author’s personal experience of over a 
thousand cases of thyroid disease, is written for surgeons and internists. It seeks 
to acquaint each with the domain of the other and to discuss the newer forms of 
therapy (thiouracil and its derivatives, and radioiodine), which are changing the 
management of thyroid diseases. Physiology and pathology are briefly discussed 
in relation to clinical problems. Most of the book is devoted to hyperthyroidism. 
Endemic goiter, malignant tumors, thyroiditis and congenital abnormalities are 
mentioned briefly but adequately. On the whole, the views expressed are con- 
ventional. The pathologic classification of thyroid tumors used is that of Graham. 
This book is heartily recommended to those interested in the clinical aspects of 
thyroid diseases 


Hinpnu Mepicine. By Henry R. Zimmer, Ph.D., late visiting lecturer in 
philosophy at Columbia University, formerly professor of sanskrit at the Uni- 
versity of Heidelberg. With a foreword and preface by Ludwig Edelstein, Ph.D. 
Cloth. Pp. 203. Price $4. Baltimore: The Johns Hopkins Press, 1948. 

The present volume has been compiled from the seventh course of lectures 
of the Hideyo Noguchi Lectureship delivered in 1940 at the Johns Hopkins Ins- 
titute of the History of Medicine by the late Professor Zimmer. His study of 
Hindu medicine was part of a larger analysis of Hindu culture. The two lectures 
take up such medical subjects as the relation of Hindu to Greek medicine, psycho- 
therapy, medicine in the Vedic tradition, and the development, extent and trans- 
mission of Hindu medical and related knowledge. 

Here are traced ideas as they emerge from mythology and become modified 
by accumulated racial wisdom. A groping for safe rules of health is apparent 

a search which was foredoomed to failure because of the state of knowledge 
then extant. In a subtropical country with no knowledge of bacteriology medicine 
is greatly handicapped; even the study of anatomy becomes difficult. This is a 


scholarly and interesting book which can be recommended. 
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e Place two drops 
of blood on slide. 
Fresh, clotted, oxa- 
lated, heparinized or 
citrated blood may 
be used. 


e Mix Anti-Rh serum with blood 
and spread over slide. 


4 e Place slide on view 6 , 


box. Tilt view box 
back and forth and 
watch for clumping. No 
microscope is needed. 


The Slide Method, using the view box, accounts in part for 
the rapidity and accuracy of Rh Tests. But even more im- 
portant is the potency of the serums themselves. 
Prepared under the strictest controls, and according to 
N. I. H. specifications, AMERICAN serums retain their origi- 
nal potency over a long period even under adverse con- 
ditions. Six strategically located distributing centers assure 
you of prompt service. Write today for complete descrip- 5 


4 . e Clumping starts in 45 seconds, 
tive literature. 


is complete in | to 2 minutes. 
Clumping indicates blood is Rh Positive ; 
absence of clumping, Rh Negative. 


PLAN WITH AMERICAN 
On 


. the first name in hospital supplies 


AMERICAN HOSPITAL SUPPLY CORPORATION 


GENERAL OFFICES e EVANSTON, ILLINOIS 
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There they are, waiting for you each morning . . . all yesterday's tissues) 
automatically processed overnight by your own selected technique. 
Dependable, day-in, day-out schedule ...and normal routine in 
Autotechnicon-equipped laboratories the world over. Autotechnicon is 


versatile . . . it fixes, dehydrates, washes, infiltrates, stains . . . delivers 





beautifully finished tissues of superb diagnostic potential . . . with the plus 
factors of economies in time, labor, materials. A brochure describing 


Avtotechnicon is available. May we send it? 


avtomatic tissue processing 
by any histologic technique 


THE TECHNICON COMPANY 
215 EAST 149th STREET e NEW YORK 51, N.Y, 





